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PREFACE. 



I have made mistakes, and I have seen others make 
similar mistakes in learning what, how, and when to disinfect. 
This book has been written with the hope that it may 
help others who have to battle with the infection of the 
communicable diseases. 

I have tried to set down the results of my experience 
gained in sanitary work of a public health character, both 
in the field and in the laboratory. The many recent text- 
books upon bacteriology, hygiene, and sanitary science have 
been freely consulted. 

It has been my aim to state the important facts tersely 
and in a form to be of practical use to the disinfector. 
Controversies have been avoided, even at the risk of being 
dogmatic, and upon doubtful points the safer methods 
have always been given the preference. 

The subject has been considered from the standpoint 
of the disinfectant used, the object to be disinfected, and 
the disease for which the disinfection is done. In con- 
sidering any subject from three points of view a certain 
amount of repetition is unavoidable. 

It is a pleasure to acknowledge the debt I owe to Surgeon- 
General Walter Wyman, whose aid and encouragement have 
made this work possible. 

These pages have been a work of love, and I trust that 
they may prove a useful and trustworthy guide. 

September^ igo2. 
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DISINFECTION AND DISIIH- 

FECTANTS. 



INTRODUCTION. 

Disinfection is the destruction of the agents causiqg infec- 
tion. 

An object is said to be infected when contaminated with 
the living principles — ^that is, the micro-organisms — causing 
disease. It is disinfected by destroying these organisms, 
whether they are in the substance or on the surfaceof that 
object. 

As a matter of fact it is not necessary actually to destroy 
the infective agents ; it is sufl&cient to render them incapable 
of causing or conveying disease. For example, if the micro- 
organisms are so attenuated that they have lost their viru- 
lence, or if they are so scattered that they are too few to 
cause infection, the object of disinfection has been accom- 
plished. 

Of course, dilution, attenuation, and the like fortuitous 
circumstances cannot be depended upon by the disinfector. 
He must use means that will surely destroy the infectious 
principles. The only way an infected object may with cer- 
tainty be rendered safe from the danger of conveying disease 
is by the intelligent application of physical means or chemical 
substances which experiment and experience have shown 

will invariably destroy the^infection. 
2 17 



l8 DISINFECTION AND DISINFECTANTS. 

The ideal disinfectant is one that destroys the germs 
without injury to the object. There is no one agent or 
method applicable to all cases; it is therefore necessary to 
determine accurately all the conditions, not only of the object 
to be disinfected, but of the germicide to be used, and to take 
into account the resistance of the particular morbific principle 
against which the disinfection is directed. 

Disinfection, then, deals only with destroying the vitality 
of those minute forms of life which cause disease ; it does not 
mean the destruction of all the lower forms of animal and 
vegetable life that may be upon or in an object — that is 

sterilization. 

Fig. I. 

d ^^ .< 

Bacteria with Sforxs. — (IVilliams,) 

An object is said to be sterilized when all the forms of life 
contained within it or on its surface are destroyed. All pro- 
cesses which sterilize are necessarily also disinfectants; but 
all disinfecting processes by no means cause sterilization. 

This distinction between disinfection and sterilization 
arises principally from the fact that some of the micro-or- 
ganisms have spores, which correspond to the seeds of plants, 
in being very much more resistant to all the influences which 
destroy the parent cells. Spores of this character, called 
endogenous spores, possess to a very high degree the power 
of resisting desiccation, sunlight, chemical and physical 
agents which quickly destroy the non-spore-bearing cell. 
Fortunately, as far as known, none of the pestilential dis- 
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eases of man, which occur in widespread epidemics, is 
caused by organisms with resistant spores. Therefore, 
the usual processes of disinfection, while thoroughly efficient, 
may still leave many harmless and hardy bacteria alive. In 
other words, sterilization is rarely necessary in combating 
epidemic diseases. 

Antiseptic substances prevent decomposition and decay. 
Such substances retard the growth and activity of the micro- 
organisms, but do not destroy them. There is a great diiBfer- 
ence between the antiseptic and the disinfecting or germicidal 
value of a substance. For instance, a solution of formalin 
will restrain the development of most bacteria in the propor- 
tion of I to 50,000, but it requires a 3 to 5 per cent, strength 
of this substance to kill the bacteria in a short time. As 
weak a solution of bichlorid of mercury as i : 300,000 will 
restrain the development of anthrax spores, whereas it re- 
quires a 1 : 1000 solution to destroy them. Saturated solu- 
tions of salt or sugar will preserve meat or vegetable sub- 
stances; that is, they are antiseptic in their action, but not 
germicidal, as they have small powers of destroying infection. 

The condition known as asepsis is equivalent to steriliza- 
tion. Asepsis means the freedom from or the absence of 
pathogenic micro-organisms. 

A germicide is a substance or agent which destroys germs. 
Germicides and disinfectants are interchangeable terms, as 
they are both used to indicate the destruction of micro- 
organisms. 

A substance which has the power to destroy or to neutral- 
ize the unpleasant odors arising from organic matter under- 
going fermentation or decomposition is called a deodorant. 
Such substances must be carefully distinguished from disin- 
fectants. Deodorants destroy smells, disinfectants destroy 
germs. A majority of the disinfecting agents are also de- 
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odorantSy but all the deodorizing substances are by no means 
disinfectants. For example, charcoal will absorb the mal- 
odorous gases arising from putrefying and fermenting 
materials, but it is inert so far as its power to destroy the 
cause of these processes is concerned. Formalin, on the other 
hand,. is a true deodorant and disinfectant, as it combines 
with the organic matter to form new compounds which are 
both odorless and sterile. Bichlorid of mercury, while a 
very potent germicide, has but slight immediate effect upon 
odors. 

In nature, many forces are constantly at work to destroy 
infection and thereby limit the spread of the communicable 
diseases. We should make use of these natural disinfecting 
agencies by placing objects under the most favorable cir- 
cumstances for them to exert their maximum effect. 

These natural influences are chiefly dilution, light, dryness, 
symbiosis, and heat. Of these agencies, sunlight is the great 
destroyer of germ life. Few microbes, especially the patho- 
genic ones, can live in the direct, bright sunlight many hours. 
Dryness is another condition that is destructive to many of 
the forms of life with which we have to deal. The combina- 
tion of dryness and sunlight is almost as good as the gaseous 
disinfecting processes which are commonly used in actual 
house disinfection against surface contamination. Dryness, 
sunlight and cleanliness are the keynotes of sanitary sur- 
roundings in the modem acceptation of the term. 

Cleanliness is an important adjunct to the work of dis- 
infection. The mere act of cleaning removes some of the 
adherent microbes from the surface, and the ordinary scrub- 
bing and mopping results in the final destruction of many 
more. Dry dusting and sweeping only serve to stir up the 
dust and infection, which disseminate in the air to settle 
down again upon the same or other surfaces. 
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Cleanliness accomplishes another important purpose as far 
as infection is concerned : It removes the organic matter on 
which and in which the bacteria find favorable conditions for 
prolonging life and virulence. 

In the wholesale disinfection which must be practised to 
check widespread epidemic diseases due to bacterial infection 
we are largely limited to the use of the agents which nature 
has constantly at work to destroy such infection. Against 
a single case of communicable disease, or against a limited 
infected area, we may employ aggressive measures, such as 
steam and strong chemicals ; but when a disease due to bac- 
terial infection has spread over an extensive district, these 
methods must be supplemented by all the resources of nature. 
The people must be in prime health to resist the disease. 
Cleanliness must be more scrupulously practised than ever in 
order that organic filth may not be present to afiford a favor- 
able soil for the life, growth and dissemination of the in- 
fective agents. Sunlight and dryness must be given then- 
fullest opportunity to operate, even at the expense of a few 
faded carpets or colors. 

Many of the pathogenic micro-organisms are destroyed by 
the processes of putrefaction and fermentation of organic 
matter. They die in the fierce struggle for existence going 
on in these destructive processes. For the most part, the 
hardier saprophytic forms of life overpower and kill the dis- 
ease-producing microbes, which have comparatively feeble 
powers of resistance. The fact that infected carcasses, 
sewage and putrid organic matter largely purify themselves 
by the very processes that destroy them is a fortunate 
provision of nature. 

With the advent and advance of the science of bacteri- 
ology the practice of disinfection was directed against the 
destruction of bacteria wherever they were found — in the 
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air, the soil, the water, on clothing and fabrics, or about 
the patient and his discharges. But with the advance in our 
knowledge of disease, and especially with the knowledge that 
disease germs are frequently conveyed from the sick to the 
well through the agency of other animals, disinfection has 
come to include the destruction of vermin and insect pests. 
In disinfecting for malaria, yellow fever and filariasis, we 
must destroy the mosquitos which convey the infection. In 
disinfecting for cholera, typhoid fever and other diseases, 
we must pay attention to the flies and other winged insects 
which have been in contact with the infected discharges. In 
the disinfection for plague, we must destroy the infected 
rats, mice and fleas. 

In fact, as our knowledge of the subject increases we find 
that domestic animals and vermin are playing a very con- 
spicuous r61e in the transmission of disease. So dangerous 
do we now know that the fly and mosquito may be, that 
when the matter is more generally understood it should 
be a greater reproach to the housewife to have these danger- 
ous vermin in the household than to have bedbugs. 

It naturally suggests itself that it is much better to 
prevent infection than to be compelled to destroy it after 
it has become disseminated through ignorance, carelessness 
or negligence. 

It is the duty of the disinf ector to destroy infection wher- 
ever it is found. It is the duty of the sanitarian to prevent 
and avoid infection. For instance, in the case of cholera 
the sanitarian protects the water-supply, but if it becomes 
contaminated the disinfector must know how to render it 
safe. In the case of diseases due to animal parasites and 
conveyed by insects, the disinfector must know how to de- 
stroy the infected insects. It is the sanitarian's province 
to institute meastu-es looking to the extermination of the 
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insects or to the protection of the individuals against their 
bites. 

The best way to apply disinfection is at the seat of origin 
of the infection. This means the inunction of the skin in 
the case of the exanthemata; the destruction of the specific 
poisons in the stools and urine of typhoid fever, cholera 
and dysentery; the boiling or burning of the sputum of 
tuberculous patients; and strict measures applied to each 
case which will prevent the dissemination of the pathogenic 
germs from the body in live and virulent form. 

When proper precautionary measures have been taken 
at the bedside with a case of cholera, typhoid fever, plague, 
or the like infectious diseases, there is little need of sub- 
sequently disinfecting the sick-room. But when due to 
carelessness or lack of precaution, the result of ignorance, 
a general dijffusion of the infection results, then a general 
disinfection becomes necessary. It is the province of the 
disinfector to know how best to deal with such conditions, 
so as to render them harmless. 

The disinfection of any given place is a complex opera- 
tion, and should not be attempted by any one not familiar 
with the peculiarities of the particular infection with which 
he has to deal, and not possessing a thorough knowledge of 
the disinfecting agents employed. Fortunately, most of 
the germs which cause the communicable diseases in man 
are non-spore-bearing micro-organisms. They are therefore 
comparatively easy to eradicate by disinfection. Spores 
possess very great resisting powers against all our disinfect- 
ing agents, and are much more difficult to kill than the 
micro-organisms themselves. For example, almost all 
bacteria may be killed by drying alone, by which, generally 
speaking, spores are little influenced. 

As a rule the bacilli are less resistant than micrococci. 
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and the vibrios are less resistant than either the bacilli or 
the micrococci. Individual bacteria from the same culture 
vary in their vitality, just as one member of a family is 
stronger than another. Geppert* has shown that spores 
from the same spore-bearing bacillus have very diiBferent 
powers of resistance. This fact has a practical bearing in 

Fig. 2. 
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Bacilu of Various Forms. — {Williams.) 

drawing conclusions from laboratory experiments as to the 
effect and value of germicidal agents in actual practice. It 
also explains, in part, the discrepancies as to the times of 
exposure and the strengths of solutions necessary to accom- 
plish disinfection, as stated by different experimenters. 

Fig. 3. 










SUflnUBrrt. ftrij^ifMl. DifricMccL 

The Various Arrangements of Micrococci. — (JVilliams.) 

The communicable diseases are by no means all due to 
bacteria. A very large and important class of these affec- 
tions is due to animal parasites. 

Bacteria are the lowest forms of vegetable life. They 
are minute microscopic cells, very variable in shape. Round 
ones are called cocci; those shaped like a rod, bacilli; and 

* "Berliner klin. Wochenschrift," 1889, No. 36, p. 791 ; also 1890, No. 
12, p. 27. 
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the curved and corkscrew-shaped ones are called vibrios 
or spirilla. Many of them have independent motion. All 
bacteria multiply by a simple process of division or fission. 
Some of them have spores. They all require moisture for 
their development, and grow best upon organic substances. 
For a full account of bacteria and their products it will be 
necessary to refer to one of the many excellent works upon 
this subject. 

Many kinds of animal parasites cause disease in man. 
By far the most important is the group of protozoa, which 
resemble the bacteria only in being minute microscopic 
cells with independent motion. In other respects they have 

Fig. 4. 

Spirilla of Various Forms. — (Wiiliams,) 

all the functions of animal life. They multiply both by 
direct division, similar to the asexual fission of bacteria, 
and by a sexual union. Some of the animal parasites have 
spores, but not of the same high degree of resistance as the 
endogenous spores of bacteria. The animal parasites of man 
are usually communicated from the sick to the well through 
an intermediate host. 

A distinction is often drawn between the "contagious" 
and the "infectious" diseases. These terms have always 
lacked scientific precision, and have been the source of some 
confusion. The word "communicable" is a much better 
term for all the diseases of this class, and has been given 
the preference in this work. 
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In the old acceptation of the word, a contagious disease 
was one that was "catching" by contact between the sick 
and the well. It was believed that the contagion was thrown 
ofif in the exhaled breath and contaminated the atmosphere 
surrounding the patient. With the possible exception of 
smallpox, and typhus fever when it prevails in epidemic 
form, there are few contagious diseases according to this 
meaning of the term. 

An infectious disease, on the other hand, is one spread 
from the sick to the well in an indirect manner. The in- 
fective agent contaminates the water, food-supply, or other 
object, through which means the disease is communicated to 
well persons who in no way come in contact with the sick. 

These distinctions are entirely artificial and serve no 
useful purpose. Almost every one of the communicable 
diseases may be transmitted from the sick to the sound in 
a great variety of ways. In the light of our present knowl- 
edge it is not practicable to classify this group of diseases 
according to their methods of propagation, and it is there- 
fore preferable to speak of them under one heading. 

In the body the immunity or resistance to disease is an 
active protection to the individual, and may act as a check 
to the spread of infection ; on the other hand, such individuals 
often spread the contagion of pestilential affections. Almost 
every one of the great epidemic diseases may present itself 
in so mild or latent a form that neither the individual nor 
his associates suspect that in his system he is harboring 
the infective principles and spreading the contagion to 
others. For instance, many persons have the bacillus of 
diphtheria in their mouths without suffering any local or 
general symptoms. Such persons may spread this infec- 
tious disease by kissing, by using cups, spoons, etc., which 
are shortly thereafter placed in the mouths of others more 
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V susceptible to this micro-organism and who thereby con- 
tract a severe or fatal type of diphtheria. Similarly, many 
persons have tuberculosis a long time before they suspect it, 
and may spread it in a similar manner. There are cases of 
cholera so mild that it cannot be recognized except by 
bacteriologic examination; in truth, the virulent, live 
cholera vibrio may exist in great numbers in the intestinal 
canals of apparently healthy individuals. The dejecta from 
such a person might unwittingly be permitted to con- 
taminate the water-supply of a large city, resulting in a 
serious epidemic. 

It is well known that yellow fever may occur in very mild 
form, — very difficult to recognize, — ^and it is doubtless just 
such cases that are the spark to kindle an epidemic. As 
clearly defined a disease as smallpox may be so mild that 
the patient has only a few pustules, with very slight con- 
stitutional disturbances. Walking cases of typhoid fever 
are not uncommon. Such cases are difficult to recognize. 
The same may be said of practically all the known com- 
municable diseases. 

The belief is growing stronger that the communicable dis- 
eases are more often spread through the intermediation of 
these mild, latent and unrecognized cases than through 
the agency of fomites — that is, inanimate objects. It has 
long been well known that disease may be communicated 
from the sick to the well by a third person, and it was 
formerly supposed that this was always the result of the 
infection clinging to the clothing, hair, etc., of the person; 
but we now know that it may also be due to the infection 
growing in the body of the individual. Diphtheria is a well- 
known instance of the conveyance of infection by both of 
these methods. The diphtheria bacillus may be growing 
in the secretions of the throat of the individual, or may 
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remain alive and virulent attached to his clothing or to 
some other object about his person. 

When disease recurs in a house, we must not be too quick 
to blame the disinfector or the methods used by him, for 
frequently the infection lurks on the persons of the inmates 
of the house, rather than in the furnishings and contents of 
the rooms. 

We know the part played by inanimate things in the trans- 
mission of some of the communicable diseases, but as our 
knowledge of the subject increases, their importance di- 
minishes. As Dr. J. H. White tersely expresses it, "Infec- 
tion is more often conveyed from place to place in a pair 
of shoes than on the clothing or in the baggage of the person." 

The disinfector must therefore know the best methods of 
purifying rooms, theaters, cars, meeting-places, schools, 
barracks and other places where many persons assemble 
and where latent, mild, or unrecognized cases are constantly 
suspected or are actually occurring to contaminate the 
surroundings. 

There is no accurate standard by which the power of dis- 
infecting agents may be measured. There are conditions 
influencing the life of the bacterial cell which we are unable 
to control. It is for this reason that the strengths of solu- 
tions necessary to disinfect are variously stated by different 
authorities, and the time of exposure is, for the same reason, 
not always definitely decided. The difficulty in this con- 
nection is to determine the minimum conditions which will 
furnish trustworthy results and still provide that excess 
necessary for general practice, or what bridge-builders call 
the * 'coefficient of safety." 

While the results of the scientific work in the laboratory 
must be our guide as to the value and efficiency of any 
disinfecting process, we cannot ignore the results of ex- 
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perience gained in actual practice in combating the com- 
municable diseases. This is especially true of disinfectants 
used against diseases the cause of which is only surmised, or 
the mode of transmission not definitely known. We have 
recently had a lesson on this point in the case of sulphur. 
This substance had long been used as a disinfectant for 
yellow fever, and practical experience had justified the 
confidence placed in sulphur fumigation to check the spread 
of this disease. But when the scientific tests made in the 
laboratory showed that sulphur dioxid lacks the power of 
destroying resisting spores, great discredit was thrown upon 
it. But now we know that yellow fever is transmitted 
through the agency of the mosquito, and with the well- 
known insecticidal powers of sulphur dioxid confidence 
has been restored both as to the scientific and the practical 
value of this substance. 

On the other hand, laboratory experiments have estab- 
lished with great accuracy the value and reliability of certain 
substances which otherwise would have gone begging. 
Some substances, such as zinc chlorid and sulphate of iron, 
have been robbed of the high value in which they were 
formerly held, and placed near the bottom of the list of 
disinfectants. Even carbolic acid, which at one time was 
so highly prized, has been shown to have less germicidal 
power than was supposed. 

The success of the disinfector lies in personal attention 
to the minute details. Germs are little things, and it is 
the little things that count in this kind of work. The dis- 
infector who is satisfied to leave the process in the hands 
of an inexperienced person, with a few words of instruction, 
cannot expect to obtain trustworthy results. In no other 
work is the watchword that * 'vigilance is the price of success '* 
truer. The disinfector must give personal surveillance 
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to the whole process — the materials, the strength of solutions, 
modes of application — and must be present to guide and direct 
every step of the operation, with the same conscientiousness 
and thoroughness with which the surgeon assures himself 
of every detail of asepsis in his operating room. 

It is true that the means and methods employed to rid 
a room of infection closely resemble those used in the operat- 
ing room, but it stands to reason that in the former case 
they can rarely be carried out with the same e^cactness 
and certainty as in the latter, where everything is constructed 
and arranged with this end in view. In the surgical clinic 
nothing short of sterilization is safe, while in the great 
majority of the disinfection done to prevent the spread 
of epidemic disease, measures that fall far short of steriliza- 
tion will suffice. For instance, in the fumigation of a room 
against plague, tuberculosis, typhoid fever, cholera, and the 
like diseases due to non-spore-bearing organisms, it is im- 
material if the dust on the ledges contain living subtilis 
and spores of the common moulds found in the air, or other 
hardy saproph3rtic forms of life, so long as the pathogenic 
bacilli are dead. 

A great deal may be learned by a thorough inspection. 
To be sure, we cannot see the germs with our unaided vision, 
but we can see the dirt and moisture and other conditions 
that present a favorable medium for the growth and multi- 
plication of the pathogenic micro-organisms. While the old 
idea that filth and unsanitary conditions breed disease, 
de novo, is wrong, it is nevertheless true that these conditions 
keep the infectious principles alive and favor their propa- 
gation. It is therefore plainly the duty of the disinfector 
not only to destroy the actual infection, but also to eradicate 
all the conditions that would act as breeding-places and 
disseminators of infection. 
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The disinfection of rooms, baggage, ships, and objects 
that have been exposed to infection must of necessity be 
greatly in excess of the actual requirements. This is one 
of the difficulties met with in attacking an invisible foe. 
A room might readily be disinfected and rendered safe by 
applying a few gills of one of the germicidal solutions to a 
small spot or a limited area ; but as we cannot see the germs, 
it is necessary to apply our disinfecting agents to every 
inch of surface of the room and all its contents, in order not 
to miss that particular infected spot. As our knowledge 
of infection becomes more exact, our processes of disinfection 
become more precise. At first disinfection was directed 
by a shotgun process, in a general sort of blunderbuss way, 
against everything; but now that we know the habits and 
habitat of each one of the particular micro-organisms, we 
can concentrate our efforts with more exactness upon the 
particular object or media liable to infection, with every 
assurance of eradicating the danger. 

In other words, it is quite as important to know what 
to disinfect as how to disinfect, and a very thorough knowl- 
edge of the subject of the causes and modes of transmission 
of the communicable diseases is the most useful weapon 
the disinfector has in his fight against the spread of infection. 

The stress of modem activities demands disinfecting pro- 
cesses that are instantaneous in their action, all-pervading 
in their effects, cheap, harmless, and free from any un- 
pleasant odors that might offend the senses of the fastidious. 
Such perfect disinfectants are not known. It requires time, 
money and the expenditure of well-directed and intelligent 
energy to accomplish satisfactory disinfection. 



CHAPTER I. 

PHYSICAL AGENTS. 

SufUight — Electricity — Burning — Dry Heat — Boiling — 
Steam. 

Sunlight is an active germicide. It de- 
SuNUGHT. stroys spores as well as bacteria. The 

importance of the sun's rays in destroying 
or preventing the development and growth of micro-organ- 
isms in nature cannot be overestimated. 

Unfortunately, the sunshine is so uncertain, and the force 
of the sun's rays so variable and their disinfecting power 
so superficial, that it cannot be depended upon as an aggres- 
sive measure in attacking infection in rooms, ships and 
confined spaces. 

Sunshine comes more under the purview of the sanitarian 
than under that of the disinfector, but the latter can always 
use it to advantage in supplementing his other methods, 
especially in out-of-the-way localities. Rooms and objects 
may always be sunned and aired with advantage after dis- 
infection. 

The different rays of light have very different effects upon 
germ life. The blue, violet, and ultra- violets — that is, the 
more refrangible chemical rays of the spectrum — ^are the 
only ones possessing germicidal power. The red and 
yellow rays are practically inert in this regard. 

The nature of the source of light seems to have little in- 
fluence upon the result, it being more a question of intensity. 
3 33 
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Even diffused light retards the growth and development of 
micro-organisms, and if strong enough may finally kill them. 
Electric light is also effective, but in a much diminished 
degree. The Rontgen rays (X-rays) have no bactericidal 
properties. 

The time required for the light to arrest the multiplica- 
tion and to cause the death of the different germs is far from 
being definitely fixed. There are many conditions besides 
the brightness of the light, such as moisture, temperature, 
the transparency, composition, thickness of the media, etc., 
to aid or hinder the effect of the rays. The time also varies 
with the different micro-organisms. The germs of plague 
and cholera die more quickly than those of tuberculosis. 
Spores are much more resistant to the influence of the sun's 
rays than the bacterial cells themselves. For example, it 
usually requires about thirty hours' sunning to kill an 
anthrax spore, while the anthrax bacillus is killed in one or 
two hours under the same conditions. 

On account of all these facts, the published figures upon 
the time required to destroy germs in the sun have only a 
relative value. A few instances are given to illustrate the 
time required for the sunlight to destroy some of the more 
important pathogenic bacteria: 

Buchner and Mink * found that it required an insolation 
of one hour to sterilize a water containing a suspension of 
B. coli communis. 

Pansini f has observed the sun kill the BaciUus anthracis 
in cultures of bouillon in from one to two and a half hours. 
The moist spores died in from one-half to two hours, and 
the dried spores in from six to eight hours. 

* Buchner, *' Ueber den Einfiuss des Lichtes auf Bacterien,'' "Centralbl. 
filr Bakt.,** XII, 1893. 

fE. Mace, ** Traits Pratique de Bacteriologte," Paris, 1901, p. 82. 
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Janowsky * states that the typhoid bacillus resists about 
six hours' exposure to sun. 

Ledoux-Lebard f reports that the bacillus of diphtheria 
exposed dry and in a very thin film to diffused light is 
killed in twenty-four hours. 

According to Koch and Migneco,J the tubercle bacillus 
commences to lose its virulence after three hours' exposure 
to sunlight, and is often killed in five to seven hours, de- 
pending upon the thickness of the layer of the material in 
which it is exposed. 

Rosenau § found that the plague bacillus exposed to the 
direct action of the sunlight dies in half an hour, provided 
that the temperature in the sun is above 30° C. 

The higher the temperature, the more energetic is the 
action of the sunlight. The effect of moisture is somewhat 
peculiar. Dry spores live much longer in the sunlight than 
moist ones, whereas it is well known that desiccation hastens 
the death of the bacteria themselves. Before killing them, 
the sun's rays often attenuate the virulence of bacteria. 
The effect of the sunlight, at best, is very superficial upon 
opaque objects. In clear solutions or water it penetrates 
some distance. 

Just how the light kills is difficult to explain satisfactorily. 
That the action is chemical seems likely from the fact that 
it is the ultra-violet rays of the spectrum that are endowed 
with this power. 

♦Janowsky, «• Zur Biologie der Typhusbacillcn," *« Ccnlralbl. ftlr Bakt.,'* 
VIII, 1890. 

t Ledoux-Lebard, "Action de la luminere sur le bacille diphtherique," 
"Arch, de M6d. Exper.," 1893. 

X Migneco, " Azione della luce solare sulla Tirulenza dello bacillo tnber- 
culare," ** Anali d'Igine sperimentale,'* v, 1895. 

S Rosenau, « The Viability of the Bacillus Pestis,'' Bulletin No. 4, of the 
Hygienic Laboratory, Marine Hospital Service. 
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Downes and Blunt * emphasize the importance of free 
oxygen in the influence of light upon bacteria. They state 
that without the presence of free oxygen light seems to have 
no germicidal power. 

Richardson, t and also Dieudonne,^ showed that in cul- 
tures of bacteria the light in the presence of water and oxy- 
gen causes a production of hydrogen peroxid, which is well 
known to have strong disinfecting powers. 

The recent work of Novy indicates that organic hyper- 
oxids are produced under certain circumstances in fluids by 
the action of the sun's rays. These hyperoxids, especially 
acetozone, have been shown to be among the strongest 
germicidal substances known. 

All the workers in this line agree upon the strong germi- 
cidal power of the sun's rays, and its importance in nature ; 
but, unfortunately, the laboratory results can only be used 
to a limited extent by the disinfector in his practical work. 

The disinfecting power of the sunlight exerts its effects 
only upon the surfaces exposed directly to the light, and even 
here the results are apt to be unequal, as Esmarch pointed 
out. This is easy to understand when we recall how many 
circumstances may modify this power of the solar rays. 

The action of electricity on bacterial life 
Ei^ECTRiciTY. has been studied by various experimenters, 

who have arrived at contradictory results. 
Some very extravagant claims have been made for the 
effect of the various electric currents, but recent work has 
shown these claims to have been founded on error. It ap- 
pears that electric currents have little germicidal action in 

* ** Proceedings of the Roy. Soc. of London," toI. xxvi. 
t"Jour. Chem. Soc.," 1893, i, 1109-1130. 
f Arb. aus. d. kais. Ges.-Amte," Bd. IX, 1894. 
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themselves, and that the apparent effects are due either to 
the heat generated by the current or to electrol5rtic action. 
Electricity has very little use in practice as a disinfectant. 

Hermite * used the product of electrolysis for the steriliza- 
tion of sewage. He added sea-water (sodium chlorid) to the 
sewage, and the electrolytic action caused the formation of 
hypochlorite, which has well-known germicidal action. 

Webster f adds chlorids to sewage and uses iron plates as 
electrodes, with the result that ferrohydroxid is produced 
by electrolysis. It is evident, as pointed out by Zeit, that 
it would be simpler to add the hypochlorite or the ferro- 
hydroxid directly to the sewage. 

In other words, the effect of electrical currents upon bac- 
teria seems to be a purely chemical one, in the case of anti- 
septic substances being formed by electrolytic decomposi- 
tion; or a thermal one in the case of the production of heat 
which so frequently attends the discharge of electric currents. 

Rontgen or X-rays have no direct bactericidal properties. 
The clinical results obtained by these electric discharges 
must find their explanation in other factors, possibly the 
production of ozone, hypochlorous acid, organic hyper- 
oxids, necrosis of the deeper layers of the skin or phago- 
cytosis. 

Fire is the great purifier. Burning has. 
Burning, however, a very limited range of usefulness 

in practical disinfection. A disinfector is 
seldom justified in burning an article against the wish of 
its owner, for we now possess other methods by which any 

*F. Robert Zeit, *< Effect of Direct, Alternating, and Tesla Currents and 
X-rays on Bacteria," "Jour. Amer. Med. Assoc,*' Not. 30, 1901. 

t**Jour. Soc. Chem. Ind.,"p. 1093; "Jour. Amer. Med. Assoc.," Nov. 
30, 1901, p. 1432. 
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object may be rendered safe so far as its power of conveying 
disease is concerned. In actual practice, however, the dis- 
infector comes across a great mass of rubbish and articles 
of little value, that he will find safer and cheaper to bum 
than to disinfect. 

The burning of garbage and refuse is the safest means of 
disposing of these substances from a sanitary standpoint, 
especially in districts where pestilential disease prevails. 
From the same standpoint the cremation of bodies dead of 
a communicable disease is by far the safest means of pre- 
venting the spread of infection from this source. The burn- 
ing of garbage and refuse requires special furnaces, if large 
amounts are to be dealt with. Small amounts may effec- 
tively be disposed of by an improvised fire of coal, wood, or 
petroleum. 

A temperature of 150** C, continued for 
Dry Heat, one hour, will destroy all forms of life, even 

the most resisting spores. It is easy to 
maintain this temperature in an apparatus of special con- 
struction known as a hot-air or dry-wall sterilizer. Glass- 
ware and many objects that will stand this degree of heat 
are sterilized in an oven of this kind in bacteriologic labora- 
tories and in surgical clinics. 

A dry heat somewhat less than 150° C. is sufficient to 
destroy many pathogenic bacteria, especially the non-spore- 
bearing variety, such as plague, cholera, diphtheria, tuber- 
culosis, pneumonia, and most of the epidemic diseases to 
which man is liable. Dry heat is not so reliable a disin- 
fectant as moist heat, especially as it lacks penetration, and 
is injurious to fabrics. 

Most materials will bear a temperatiu-e of 1 10° C. (about 
230° F.) without much injury, but when this temperature is 
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exceeded, signs of damage soon begin to show. Scorching 
occurs sooner in woolen materials, such as flannels and 
blankets, than with cotton and linen. The overdrying 
renders most fabrics very brittle, but this injury may be 
lessened by allowing the materials which have been sub- 
jected to dry heat to remain in the air long enough to re- 
gain their natural degree of moisture before manipulating 
them. 

The ordinary household cooking oven is as good as any 
specially contrived apparatus for the disinfection of small 
objects by dry heat. In the absence of a thermometer it 
is usual to heat the oven to a point slightly below the tem- 
perature necessary to brown cotton, and expose the objects 
no less than one hour. 

Dry heat fixes many stains, so that they will not wash 
out. This is especially marked with albuminous materials 
coagulable by heat, and the method should not be used for 
the disinfection of fabrics and objects soiled with blood, 
sputum, excreta, or similar substances. 

BoiUng is such a commonplace, everyday 
Boiling. process that it is often neglected in practical 

disinfection, despite the fact that it is one 
of the readiest and most effective methods of destroying 
infection of all kinds. An exposure to boiling water at 
ioo° C, continued half an hour, will destroy the living prin- 
ciples of all the known infectious diseases, even very resisting 
spores. To be sure, there are a few spores that have shown 
a remarkable resistance to boiling water and streaming 
steam in laboratory experiments, but these are exceptions, 
and may be disregarded in practical work. In fact, a degree 
of moist heat much lower than the boiling-point of water 
is effective against the great majority of known infectious 
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agents. A temperature of 70^ C. will destroy within half an 
hour the germs of cholera, diphtheria, plague, tuberculosis, 
typhoid fever, pneumonia, erysipelas, and practically all 
the diseases due to non-spore-bearing bacteria. Boiling 
kills these bacteria at once. 

To destroy the infection of anthrax, tetanus and other 
sporulating bacteria, two hours' exposure to moist heat at 
100** C. is essential. 

Boiling is particularly applicable to the disinfection of 
bedding, body linen, towels and fabrics of many kinds; 
to kitchen- and tableware; to cuspidors, urinals and a great 
variety of objects. Surfaces, such as floors, walls, beds, 
furniture, etc., may be effectively disinfected by mechani- 
cally cleansing them with boiling water. The efl&cacy of 
boiling water, especially when used under such circum- 
stances, is greatly increased by the addition of corrosive 
sublimate, carbolic acid, or any one of the soluble germicidal 
agents. The addition of lye, borax, or a strong alkaline soap 
greatly increases the penetrating power of boiling water, 
when applied to surfaces soiled with organic or oleaginous 
matters. 

In using boiling water for the disinfection of bright steel 
objects or cutting instruments, the addition of i per cent, 
of an alkaline substance (bicarbonate of soda) will prevent 
rusting and injury to the cutting edge. 

Steam is the most valuable disinfecting 
Stbam. agent we possess. It is reliable, quick, and 
may be depended upon to penetrate deeply. 
It does more than disinfect ; it sterilizes. Bacteria are killed 
instantly, spores are killed in a few minutes, and it may 
therefore be used to destroy the infection of any one of the 
communicable diseases. 
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Either streaming steam or steam under pressure is used 
in practical disinfection. 

Streaming steam has the same disinfecting power as boiling 
water, and an exposure of half an hour is sufficient to kill 
very resistant spores. 

Steam under pressure is a more powerful germicide than 
streaming steam. At a pressure of 15 pounds to the square 
inch steam has a temperature of approximately 120^ C, 
and will surely sterilize in twenty minutes. At 20 pounds 
pressure it has a temperature of approximately 125° C, and 
will sterilize in fifteen minutes. 

For the disinfection of bedding, clothing, fabrics of all 
kinds, and a great variety of other objects, steam is appli- 
cable and does no particular harm, provided the precautions 
described more in detail under each method are taken. 

Steam is very apt to shrink woolens and injure silk fabrics. 
It ruins leather, fur, skins of all kinds, also rubber shoes, 
mackintoshes, and similar articles made of impure rubber. 

It is important, in disinfecting with steam, whether with 

streaming steam or steam under pressure, to expel the air 

from the apparatus, for the air, being a poor conductor of 

heat, forms dead spaces and prevents the steam from coming 

in direct contact with the articles to be disinfected, thereby 

defeating the object to be attained. As steam is lighter 

than air, the latter can best be expelled from the apparatus 

or inclosure by admitting the steam from above, in which 

case the descending column of steam forces the air out at 

the bottom. If the steam is admitted from the bottom, 

it swirls up, making a nearly uniform mixture with the air, 

and while the temperature quickly rises throughout the 

inclosure, the air escapes mixed with the steam, so that it 

takes a very long time and an unnecessary waste of steam 

to drive out the contained air. 

4 
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In streaming steam we have an efficient 

Streaming and absolutely reliable disinfecting agent for 

Steam. many practical purposes. In the laboratory 

and the surgical clinic it is used in the Arnold 

steam sterilizer and the Koch steamer. It is also used on 

an extensive scale in specially devised apparatus in many 

of the large disinfecting establishments in Germany. 

Bacteria, are killed almost instantly by exposing them 
directly to streaming steam; however, allowance must be 
made for the time it takes for the steam to penetrate and heat 
the object to ioo° C, so that it is usual to leave them in the 
steam sterilizer one hour. The time required to heat the ap- 
paratus itself must, of course, always be taken into account. 

Spores are occasionally found that resist several hours' 
steaming. Such instances are not only exceptional, but are 
in almost all cases the spores of non-pathogenic bacteria. 
For example, Globig* found spores of a particular variety of 
the hay bacillus that required five and a half to six hours' 
exposure to streaming steam at a temperature of ioo° C. in 
order to kill them. And Christen f isolated a bacillus of the 
same variety whose spores withstood i6 hours' exposure to 
streaming steam at ioo° C. It is fortunate that instances of 
such highly resistant spores are exceptional, and it is also for- 
tunate that the great majority of the communicable diseases 
from which man suffers are due to non-spore-bearing bacteria. 

In using streaming steam for the disinfection of such dis- 
eases as anthrax, tetanus, malignant edema, symptomatic 
anthrax, the gas-producing anaerobes, and other spore- 
bearing infections, it is necessary to prolong the exposure to 
not less than two hours after the temperature reaches ioo° C. 

♦'«Zcitschr. fdr Hygiene,*' Bd. ill, 1887, p. 333. 

t"Mittheil. a, d. klin. u. med. Inst. d. Schweiz," iii, Heft 2, 1895. 
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Disinfection with streaming steam may be accomplished 
in many ways without the use of special apparatus. For 
rough-and-ready work on the railroad the objects to be dis- 
infected may be hung up in a freight car and the steam 
brought from the locomotive. On board a vessel one of the 
compartments above the water line may be filled with steam 
from the boiler. 

Fabrics and objects may be disinfected in any rough 
structure wherever a boiler is found to furnish the steam. 
Such a structure need not be tight, for the streaming steam 
escaping from the cracks produces a circulation and favors 
penetration. 

In the household, small objects, body and bed linen, and 
other fabrics may be thoroughly disinfected by streaming 
steam by placing a large pot or wash-boiler on the kitchen 
fire, and arranging broom handles across the top to hold the 
materials to be disinfected. The whole should be covered 
with a sheet or cloth to retain the heat, and steamed for an 
hour or longer, depending upon the degree of penetration 
required and the energy with which the water boils. The 
addition of some salt to the water will raise the boiling- 
point, and the steam will therefore be given off at a higher 
temperature than loo^ C, which is a distinct advantage. /^ 

The Arnold steam sterilizer is the best and 
Xhe most economic instrument of its kind for the 

Arnold Steam disinfection of small objects by streaming 
Sterilizer, steam, without pressure. This form of ap- 
paratus depends upon the heating of a small 
amount of water, which descends through the apertures (A), 
and which rises as steam into the sterilizing chamber (B), 
where it condenses, to fall back into the pan (C). The water 
in the pan (C) soon becomes hot, so that a great saving in 
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time and fuel is effected. This form of sterilizer, as ordin- 
arily sold on the market, is opened by removing the hood 
and lid, which should be done as soon as the process is com- 
pleted, in order to prevent the accumulated steam in the 
chamber condensing upon and wettmg the exposed objects. 

Fig. 8. 



Section through an Arnold Stium Stekilizbr. 

The sterilizer may be heated on the kitchen fire, or over a 
gas flame or oil lamp, comparatively little heat being re- 
quired. 

An improved form of the Arnold steam sterilizer, known 
as the Boston Board of Health pattern, is a much more con- 
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venient design than the older form of apparatus with the 
hood. As will be seen from the accompanying illustration, 
this sterilizer has two doors opening on the side, one in the 
hood and the other in the sterilizing chamber itself. 



Arnold Steau Sterilizu. 

The Koch steamer is an apparatus de- 
The Koch signed for the disinfection of objects in 
StbambR. streaming steam without pressure. It con- 
sists simply of a metal vessel, usually made 
cylindric in shape, and covered with felt or some non-absorb- 
ent material. The steamer is furnished with a water gage 
(R, Fig. lo) and faucet, and a thermometer (Ik). The lid 
(/>) is also covered with felt and does not fit hermetically, 
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or has a small opening so that the steam may escape, whicti 
favors the circulation and penetration, and prevents the 
pressure rising. The stekmer is partly filled — about one- 
third — with water, as shown on the diagram (Fig. lo), and 
the heat is applied to the bottom of the kettle by means of 
a Bunsen gas burner or any other form of flame, sufficiently 
hot to boil the water energetically. 



Koch Steamer. 

The articles to be disinfected are placed on a special carrier 
that fits in the cylinder above the water, or they may be 
hung in by cords from the hooks (//). 

While this form of disinfector is commonly small in size 
for laboratory work, it is also built on a scale sufficient to 
hold mattresses, bedding, and clothing, and may be used 
for the disinfection of baggage upon a large scale. In the 
larger sizes it is advisable to use a solution of salt, in order 



K<>CEi Steam Sterii.ii;kr.— (/Vow; WUliams.) 



A Combination Stgrii.izek for Use with Streamtng Steam, Boilim 
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to insure the streaming steam at the exit having a tempera- 
ture of ioo° C. 

As the steam cannot escape freely, and as the loss by heat 
is guarded against, a uniform temperature of loo^ C. may 
be obtained from the surface of the water to the lid ; and as 
the lid is not tight, the pressure does not rise. 

Fig. 12. 
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Steam Disinfector of Van Overbeek de Mayer. 



The Koch steamer is an efficient and economic method 
of disinfection, although it is more cumbersome, requires 
more fuel, and takes a longer time to heat than the Arnold 
steam sterilizer. 

A good form of apparatus depending upon streaming 
steam as its disinfecting agent has been designed by Dr. G. 
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Van Overbeek de Mayer, This steamer is applicable for the 
disinfection of bedding and baggage in quantities, for which 
purpose it is made in large sizes. The principles of construc- 
tion and action are shown on the accompanying diagram 
(Fig. 12). 

The water is heated by a coal or wood fire, and the steam 
rises as shown by the arrows, to enter the top of the chamber 
at F. From here it descends, displacing the air, and flowing 
through the objects exposed in the chamber /I, finally escap- 

FiG. 13. Fig. 14. 



ing at the outlet G. The steam is prevented from condensing 
in the outlet pipe, H, by the hot water which surrounds it, 
until it escapes into the stack, L. 

A modified form of this apparatus, designed by Merk, is 
shown in the accompanying illustrations, figures 13 and 14. 

Steam under pressure, or superheated 

Steam under steam, acts more rapidly and penetrates 

Pressure, more deeply than streaming steam at 100° 

C. Steam at a pressure of one atmosphere, 
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or temperature of 120° C, will sterilize with certainty in 
fifteen minutes' time. At a temperature of 115° C. it may 
be depended upon to sterilize in twenty minutes. The 
following table, according to Globig,* shows graphically the 
increased power of steam under pressure, upon an excep- 
tionally resistant subtilis spore : 

In streaming steam at 100° C, subtilis spore killed in 5^ to 6 hours. 

In steam under pressure at 109^-113° C, subtilis spore alive after 45 minutes. 

" " " «* " I130-1160 C, «« '* killed in 25 " 

c< «c i( «( (( 112^-123*^ C, " ** ** " 10 " 

<c (c (* «c (I 126^ C. " " '* '* 1 " 

it it tt << (I 127^ C " " " " 2 " 

" •* " I30<» C, *• ** " immediately. 



it II 



Superheated steam is very useful in the laboratory and the 
surgical clinic to obtain absolute sterilization in a much 
shorter time than is possible with streaming steam. On 
account of the great certainty with which steam under pres- 
sure acts it is a favorite method in practical disinfection, 
and apparatus for applying this process on a large scale 
have reached a high degree of perfection. The smaller forms 
of apparatus are known as digesters, or autoclaves, the 
larger ones as steam disinfecting chambers or cylinders. 

The autoclave, digester, or steam pressure 

The sterilizer consists of a kettle usually made of 

AuTOCLAVH. copper and sufficiently strong to withstand 

the pressure. Water is placed in the kettle 
and the heat is applied to the bottom, usually by means of 
several Bunsen gas jets. The apparatus is surrounded as 
high as the shoulder, where the lid is attached, by a metal 
jacket which serves the purpose of bringing the heat of the 
flame in contact with the entire surface of the kettle. The 

* " Zcitschr, fiir Hygiene," Bd. Ill, 1887, p. 331. 
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lid is made to fit tightly by means of screw bolts and a rubber 
gasket. The lid carries the thermometer, the pressure gage, 
and the safety valve, and a small opening provided with a 
stop-cock for the purpose of expelling the air. If all the 
air is not expelled from the apparatus the "dead spaces" 
will have a much lower temperature than that registered on 
the thermometer; for instance, the steam itself may register 



Section through Autociavk. 

a temperature of 130° C. while the fluids exposed may only 
reach 70° to 80° C, Therefore, in using this form of sterilizer 
it is customary to allow the steam to escape in full force 
for several minutes from the opening (x, Fig. 15) before 
permitting the pressure to rise. 

In the sterilization of liquids, for which this apparatus 
is frequently used, it is important, at the conclusion of the 
process, not to take off the lid or open the valve, or in any 
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Other way release the pressure until the apparatus has cooled ; 
otherwise the condensed steam causes a diminished pres- 
sure, in which the superheated liquids will boil energetically, 
resulting in a bubbling over, a blowing out of stoppers, or 
bursting of the flasks. It is therefore necessary to wait 
until the pressure is zero, as registered on the gage; or better, 
until the condensing steam produces a partial vacuum and 
the air is automatically sucked in through the vacuum valve, 
which is sometimes fitted in the lid of the apparatus for this 
very purpose. 

The steam disinfecting chamber has 

The Steam reached a high degree of usefulness through 

Chamber, the gradual perfection of the details of its 

working parts. These chambers are some- 
what complicated and their mechanical construction must 
be mastered in order to insure reliable results. 

The Kinyoun- Francis steam disinfecting chamber is most 
widely used in the United States, and has the advantage of 
being applicable to the disinfection of large quantities by 
a variety of methods. It may be used with streaming steam 
or with steam under pressure; with formaldehyd gas alone 
or with this gas in combination with dry heat; and finally 
with various combinations of these methods, with or without 
a vacuum. 

The disinfecting chamber itself may be rectangular or 
cylindric in shape, the former giving more effective space 
for the objects to be disinfected, the latter being a stronger 
and cheaper method of construction. The chamber is built 
of an inner and an outer shell, forming a steam jacket, as 
shown in figure i6. The steam jacket serves several pur- 
poses. By heating the contents of the disinfecting cylinder 
before the steam is turned in, it avoids condensation ; during 
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the process of disinfecting it helps keep the steam in the 
chamber "live," thereby preventing the wetting of the 
objects being steamed ; after the disinfection is finished and 
the chamber opened the heat from the steam in the jacket 



Fig. i6. 




Cross-section through Steam Disinfecting Chamber. 

may be used to dry the objects which have been exposed. 
Therefore, in using this apparatus for disinfecting with 
steam, either with or without pressure, the steam is kept 
circulating in the jacket from the beginning to the end of 
the process. In disinfecting with formaldehyd gas com- 
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bined with dry heat, the steam is kept in the jacket through- 
out the process, so that the gas and the air contained within 
the cylinder may be kept at the required temperature. 

In the jacket the steam has a perfectly free circulation, 
so that the entire disinfecting cylinder, with the exception 
of the doors, is surrounded by live steam. 

The outer shell of the jacket is protected with a covering 
of sectional magnesia, asbestos, or some other non-conducting 
substance. 

The steam from the boiler passes through the main steam 
pipe A (Fig. i8) to the pressure-reducing valve (2) and 
thence to the bottom of the jacket at B, B: 

Into the disinfecting chamber itself the steam can only 
be admitted from the jacket, through the circulating pipes, 
A, C, B (Fig. 16), and after circulating through the disin- 
fecting chamber in the direction as shown by the arrows, is 
allowed to pass out with the drip through the drain D (Fig. 
17). Upon the completion of the process the steam may 
be blown off through the vacuum pipe F, but this outlet 
should not be used during the steaming, because the desired 
circulation would not be obtained. 

It will be noticed that the steam is admitted to the 
bottom of the jacket, but to the top of the disinfecting cham- 
ber, which is designed to favor the expulsion of the air through 
its outlet at the bottom, by means of the descending column 
of steam. Therefore, in order to expel all the air and fill 
the chamber with steam, it is essential to open the drain D 
(Fig. 17) while the steam is entering through B, B, and this 
outlet, D, should not be closed until the steam escapes freely. 
In using the vacuum attachment to expel the air contained 
in the apparatus, the modus operandi is somewhat different. 

A partial vacuum may be obtained in steam chambers of 
this type with the ejector (4, Fig. 18). The object of the 
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vacuum is to facilitate the penetration of the steam, which 
rushes into all the interstices of fabrics and inaccessible 
places, to take the place of the air which has been with- 
drawn. The ejector works upon the familiar principle of 
the water vacuum pump, the air being drawn or sucked along 
with the current. With a pressure of 80 pounds in the boiler 
and the valve J (Fig. 18) wide open, the ejector will produce 
a vacuum of 15 inches in one of the largest sized chambers 
in one minute, which is very much quicker than can be 
accomplished with the ordinary forms of piston pumps. 

The formaldehyd attachment consists of a copper retort 
(10, Pig. 18), in which the formalin mixed with calcium 
chlorid is heated by means of a copper steam coil. This 
attachment does not differ in principle from the method 
of evolving formaldehyd gas from its watery solution mixed 
with a neutral salt under pressure, and any of the forms of 
apparatus described in the following pages (Chapter II) 
will answer as well as the particular retort furnished with 
the steam chamber, if not*better. The formaldehyd re- 
tort is filled through the funnel, P, with the mixture consist- 
ing of formalin (40 per cent.), to which is added 20 per cent, 
of calcium chlorid and sometimes 10 per cent, of glycerin. 
About ID ounces of this mixture are used for each 1000 cubic 
feet of air space. The steam is turned on through the valve 
M to the coil in the retort, and the drip from this coil passes 
out through the valve N. A pressure of at least 45 pounds 
to the square inch in the retort, as shown by the gage B, 
must be obtained before the gas is allowed to pass through 
the valve T into the disinfecting chamber. Care must be 
exercised at the beginning of the operation to be sure to 
allow the air to escape from the retort through the valve T, 
so that the gage will register the pressure of the gas and not 
the pressure of the retained air. 
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To the right of the copper fonnaldehyd retort is a com- 
plete duplicate in iron (ii, Fig. i8), for the evolution of 
ammonia, which was formerly used to neutralize the for- 
maldehyd at the completion of the process, but which is 
seldom used now because it is simpler to allow the gas to 
blow away by opening both doors of the disinfecting chamber. 

The chambers are open at both ends so that the infected 
objects may be introduced from one side, and taken out upon 
the other, which diminishes the risk of reinfecting them. 
The chambers are closed by means of large cast-iron doors, 
which swing upon cranes. Formerly the doors were locked 
into place by means of eyes and screw bolts, but as this 
method is time-consuming, the doors are now provided with 
a series of radial bolts which are driven home by simply 
turning a wheel at the center. The joint between the door 
and the chamber is made tight by means of a heavy rubber 
gasket. The door should not be pressed against this gasket 
more firmly than is found necessary to retain the steam, 
otherwise the rubber will soon be rendered useless. In 
using the vacuum, the air pressure effectually keeps the 
door closed, so that it is only necessary to have it closed 
firmly enough at the beginning of the process to make a tight 
joint in order to start the vacuum. 

In addition to the above-mentioned attachments, the 
disinfecting chambers are also supplied with a thermometer 
(7, Fig. 18), the stem of which is turned at right angles and 
protrudes through the steam jacket, so that the instrument 
is supposed to register the temperature of the interior 
of the disinfecting chamber. The thermometer, however, 
is so close to the jacket that it is influenced by the 
heat in the jacket, which is usually higher than the tem- 
perature of the interior of the chamber. The thermometer 
should be in the door, or differently arranged, to give trust- 
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worthy results. In disinfecting with steam under pressure, 
the pressure, as indicated by the gage, is a more reliable 
guide than the temperature registered by the thermometer. 
There are forms of mercurial and metallic thermometers 



Elbctric Thekkoueter. 

that make an electric contact when a certain temperature is 
reached, and which may be connected to ring a bell. They 
have the decided advantage in that they may be placed any- 
where within the chamber, even in the center of bundles, 
etc., and are more trustworthy than any form of mercurial 
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instrument fastened through the heavy metallic walls of the 
apparatus. 

An ingenious form of thermometer, made to register 
when the temperature reaches ioo° C, has been designed 
by Merk and is shown in the accompanying illustration 
(Fig. 23). 

A small stick of the metallic substance which is supplied 
with the instrument and which melts at exactly ioo° C, 
fastened at A, keeps the electrodes at B and C apart. The 

F:c. »3. 



Automatic Thermoubter. 

entire thermometer D is then placed in the box E for pro- 
tection, and this is placed in the chamber, or in the inside 
of bundles to be disinfected. The insulated wires from F 
and G are connected with a battery and bell. As soon as 
the temperature reaches ioo° C. the little metal stick melts, 
the contact is made between B and C, and the bell rings. 
This form of thermometer is more accurate than the pyrom- 
eters which depend upon the contact being made by the 
unequal expansion of a compound metal bar, for the reason 
that moisture collects upon the electrodes and an electric 
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contact is sometimes made before the metal parts actually 
touch, thereby giving false readings. 

The chamber is also provided with a galvanized iron or 

Fig. 24. 




Pyrometer. 



copper hood, to prevent rust-stained drip from soiling the 
clothing and other objects exposed to the steam ; gages to 

Fig. 25. 




Scheme for Instalung Electric Thermometer in the Steam Dis- 
infecting Chamber. 

indicate both vacuum and steam pressure (6 and 13, Fig. 18) ; 
and a safety valve (5, Fig. 18) to prevent overpressure in the 



NO 



(Z4 




2 

O 

H 

< 

H 

CO 

M 

Z 

.-< 

O 



CO 

U 
H 

n 
X 

u 



H 
CA 

Q 
H 

§ 

• 
H 

n 

D 
O 

Q 

H 
X 
H 

O 

•J 
•J 

en 



o 
o 

X 

M 

X 
H 

C 

2 

O 
» 
CA 

s 



73 



74 DISINFECTION AND DISINFECTANTS. 

chamber, the amount of pressure from the boiler being regu- 
lated by a reducing valve in the steam pipe (2, Fig. 18). 

For convenience of handling the goods, cars are provided, 
of light wrought-iron construction, with movable trays, 
made of galvanized screens ; also bronze hooks at the top of 
the car, permitting the articles to be laid upon the trays, 
or to be hung up on the hooks. 

In the accompanying diagram (Fig. 26) the method of 
installing the steam chambers in the disinfecting shed of a 
quarantine station is shown. It will be noted that the 
cylinders open on both ends, and that a dividing wall run- 
ning across the building separates the receiving end, where 
the infected objects arrive and are prepared for disinfection, 
from the discharging end, where the contents of the chamber 
are aired, dried, and repacked after disinfection. 

This separation is essential where a large amount of dis- 
infection is done for a variety of diseases, as, for example, 
in a municipal disinfecting establishment or at the quaran- 
tine station of a busy port. It is true that the infection of 
certain diseases is not apt to contaminate the surroundings, 
and in such cases there would be little risk in taking the dis- 
infected articles out of the same end of the chamber from 
which they are put in, especially if all the surfaces are mopped 
with a disinfectant in the interim. But this is a risk that 
should not be taken; in fact, all well-regulated disinfecting 
plants maintain a rigid separation between the two sides, 
never allowing both doors of the chamber to be open at the 
same time, and providing two sets of workmen, one for the 
" infected*' and one for the ''disinfected" side. 

The chambers must be loaded with care 
in order to obtain reliable results and to. 

THE 

Chambers ^void injuring the articles exposed to the 

process. The chamber must not be stuffed 
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full of fabrics and clothing promiscuously, nor must the 
packages be too large or crowded too closely, for although 
the vacuum facilitates the penetration of the steam, there 
is a limit in this regard ; and it takes so much longer time 
for the disinfecting agents to penetrate dense packages and 
bundles that there is little saving in time and a distinct loss 
in trustworthiness. 

In the steaming of clothing and expensive fabrics it is 
always better to hang them up than to lay them down, for 
they retain the folds and creases of steaming with obstinacy. 
They may even show the impression of the wires of the gal- 
vanized iron tray on which they have been laid. Where 
only a few articles are to be disinfected it is best to simply 
hang them on the cars provided for this purpose, but where 
a great amount of baggage belonging to diflferent persons 
needs disinfecting it is usual to provide a number of galvan- 
ized iron wire baskets, made to fit the car. The baskets are 
numbered with a metal tag, and the trunk or container from 
which the articles were taken is given a similar number, so 
that confusion is avoided. It is advisable to line each wire 
basket with canvas, so as to protect the goods against rust 
stains and drip. 

The steam cannot penetrate compressed bundles of rags, 
bales of cotton, feathers, hair, or other products which are 
often presented for disinfection, and it is therefore essential 
to open and properly expose such objects to the action of 
the disinfecting agent. 

In the Paris municipal stations the cars are loaded in a 
special manner which avoids injury to the fabrics. A large 
piece of thick linen, whose width is a little greater than the 
length of the car, and whose length is at least 30 feet, is laid 
upon the bottom of the car so as to cover entirely all the 
metal parts. The infected articles are then laid loosely in 
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mitted to rise above 20 pounds to the square inch. As a 
rule it is maintained at 15 pounds or one atmosphere, and 
is continued for twenty minutes after this pressure has been 
reached. From time to time the drip valve E should be 
opened so as to bleed the chamber of the condensed drip 
which collects at the bottom. When the time is up, the 
steam is blown off, either through the vacuum exhaust pipe 
or through the bottom drain, and when the pressure reaches 
normal, all is again made tight and the vacuum apparatus 
turned on, in order to exhaust as much of the steam and 
moist air contained in the chamber as possible. A vacuum 
of at least 1 5 inches is obtained, and by repeating this several 
times the wetting of the contents is largely avoided. During 
all this time the steam is continued in the jacket, for reasons 
already given. When the doors are opened, the contents of 
the chamber are either allowed to dry in the chamber, using 
it as a drying oven, with the steam in the jacket, or if the 
articles are fine clothing, expensive fabrics, hangings, and 
materials of that sort, they should be taken out immediately 
and each article shaken in the air and stretched by two 
persons, which will dry them rapidly and cause them to 
retain their shape without wrinkles or shrinkage. 

In the municipal disinfecting stations of Paris the process 
of applying steam under pressure is as follows : The pressure 
is brought up to 15 pounds in the chamber, and held there 
five minutes, then released. The pressure is again brought 
up to 15 pounds, held there five minutes, and again released. 
This is repeated three times, when the disinfection is com- 
pleted. The cylinders are fitted with an ingenious arrange- 
ment for the automatic registration of the process. Each 
chamber is connected by a small copper tube to a register 
with a moving pen and revolving drum carrying a chart. 
The horizontal lines i to 10 on the chart each represent a 
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pressure of one-tenth of an atmosphere, and the vertical lines 
represent five minutes in the revolution of the drum. Each 
steaming is represented thus: 

Fio. 37. • 



These charts, which can be removed only by the chief of 
the station, are sent each day to the Inspector-General, and 
give a perfect guarantee that each steaming has been done 
as directed. 

This is a very reliable and widely 
The Use of the applicable method of disinfection. 
Steam Chamber it has the advantage of being quick, 
FOR Disinfection ^j penetrating well, and of not being 

WITH FORMALDEHVD , . .. „. ,t. j • 

AND Drv Heat (i^^tnictive. The method is particu- 

IN Partial larly useful for the disinfection of 

Vacuum. clothing and baggage on a large scale. 

Great quantities of letter mail may 

in an hour be rendered safe from the danger of conveying 

non-spore-bearing infection, and that without puncturing 

the envelopes or injuring the letters in any way. 

* Redrawn fram an unpublished report of Asslttanl Surgeon S. B. Grubbs, 
Marine Hoipitil SerTice. 



8o DISINFECTION AND DISINFECTANTS. 

The process requires a special apparatus, such as the 
Kinyoun-Francis disinfecting chamber, in which the follow- 
ing conditions may be obtained: 

1. A temperature of So*' C; 

2. A vacuum of fifteen inches; and 

3. A high percentage of formaldehyd gas. 

The chamber must be loaded more carefully for this 
method than for steam disinfection, for the gas and dry heat 
lack the penetrating power of steam. Fabrics and other 
objects must be disposed so that all their surfaces are freely 
accessible to the action of the gas. It must be remembered 
that while the heat and the vacuum aid the disinfecting and 
penetrating power of the gas, the method cannot be trusted 
to disinfect mattresses, pillows, and other articles requiring 
deep penetration. 

While the car is being loaded the steam is admitted to 
the jacket of the apparatus in order to gradually warm the 
disinfecting chamber. When ready, the car is rolled into 
place and the doors made tight. The steam in the jacket 
gradually heats the air in the chamber. By opening one 
of the blow-off valves some of the expanded air may thus 
be forced out. 

When the temperature of the contained air in the cylinder 
reaches 80° C, all is made tight and the full head of steam 
is turned into the ejector until the gage shows that there 
is a vacuum of fifteen inches in the interior of the disin- 
fecting cylinder. 

The formaldehyd gas is now forced in. For this purpose 
it is generated from its watery solution, plus 20 per cent, 
of calcium chlorid, in an autoclave, under a pressure of 45 
pounds to the square inch. Ten per cent, of glycerin may 
also be added to the formalin and calcium chlorid mixture, 
but this is not necessary. 
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Any of the retorts on the market for evolving formaldehyd 
gas under pressure may be used. The gas is conducted from 
the retort to the interior of the chamber through a small 
copper tube, similar in all respects to the method used in 
room disinfection. The copper retort or autoclave furnished 
with the steam chamber is too large to heat successfully the 
small amount of fluid required. It is therefore necessary to 
dilute the formalin solution with sufficient calcium chlorid 
or other neutral salt that is used, in order that the heating 
surface of the copper coils may be well covered. (See page 
62.) 

Use not less than 300 c.c. or about ten ounces of the 
formalin solution for each 1000 cubic feet of air space. 

The solution is poured into the retort through the filling 
funnel (P, Fig. 18.) The steam is then allowed to course 
through the copper coil by opening the valves m and n. 
As the pressure in the retort begins to rise, the valve T is 
opened in order to allow the contained air to escape. When 
the pressure reaches 45 pounds, as registered upon the gage 
(8), the valve T is opened wide enough to allow the gas to 
enter the disinfecting chamber, but not wide enough to allow 
the pressure to fall below 45 pounds. It takes about ten 
minutes to disengage the gas from the small quantity of 
formalin used. After all the gas has been separated from 
its solution the valve T should then be opened wide so that 
some moisture may enter the disinfecting cylinder, which 
aids the power of the gas. The moisture may also be added 
by momentarily opening one of the valves in the circulating 
pipes, thereby allowing a little steam to enter the disin- 
fecting chamber. 

At the completion of the process the formaldehyd gas may 
be neutralized by heating water of ammonia in the iron 
retort (11, Fig. 18), using half the quantity of ammonia to 
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the quantity of formalin solution. It is simpler and better, 
however, to open both doors of the chamber and allow the 
gas to blow away. 

An exposure of one hour to these combined conditions of 
a high percentage of formaldehyd gas in a partial vacuum 
at a temperature of 80° C. is ample to thoroughly disinfect 
baggage, wearing apparel, household objects, letter mail, 
and objects generally, for non-spore-bearing infections. 



CHAPTER II. 

GASEOUS DISINFECTANTS. 

General Considerations — Formaldehyd — Sulphur Dioxid — 
Hydrocyanic Acid—Chlorin — Oxygen — Ozone, 

A gas is the ideal weapon for destroying 
Generai* such an invisible foe as the infection of the 
CoNSiDERA- communicable diseases, but the ideal gas 
TIONS. for this purpose is still to be discovered. By 
reaching all portions of a room or confined 
space it lessens the risk of overlooking any surface upon 
which the infective agent may be lodged. Germicidal solu- 
tions are difficult to apply to all the surfaces of an ordinary' 
living room, and it is furthermore difficult to hold the solu- 
tion in contact with the ceiling, walls and other surfaces a 
sufficient length of time in order to obtain the certain 
action of the substance. 

There is practically only one gas suitable for general appli- 
cation — viz., formaldehyd. This substance comes nearer 
being an ideal disinfectant than any of the gases so far ex- 
ploited. It is not poisonous, does not injure fabrics, colors, 
metals, or objects of art and value. Formaldehyd has dis- 
tinct limitations that are dealt with more in detail under the 
description of the gas. 

Sulphur dioxid is too destructive to fabrics, colors, and 
metals for general use. It is very poisonous to all forms of 
animal life, which makes it particularly valuable in disin- 
fection against insect- and animal-borne diseases. It has 
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no equal for the disinfection of the holds of ships, cellars, 
sewers, and other rough structures infested with vermin. 

The very poisonous and destructive nature of chlorin gas 
contracts its usefulness to narrow limits. 

Hydrocyanic acid is too poisonous a gas to use in the 
household, and is limited in practice to the destruction of 
infection and vermin on board ships, in warehouses, green- 
houses, granaries, and other uninhabited structures. 

None of the gaseous agents can be depended upon for 
more than a surface disinfection. They lack the power of 
penetration. 

The preparation of the room or space to be disinfected 
with a gas is a matter of great importance. A larger amount 
of the gas than is thought possible is lost through leaks and 
by diffusion, and therefore the room must be made tight. 
All cracks and crevices should be well closed by pasting paper 
over them or by calking with suitable material of some kind. 
Do not forget to close the registers, flues, hearths and ven- 
tilators, and look around for openings in out-of-the-way 
comers. Then expose the objects in the room so that 
the gas may have ready access to all the surfaces. Hang 
clothing, bedding and towels upon lines strung across the 
room; move bureaus, beds and furniture away from the 
walls ; open doors of closets, drawers of bureaus, lids of boxes 
and the like, so that the gas may freely enter and diffuse to 
all corners. 

While the articles in the room must be arranged so that the 
gas may freely gain access to all surfaces possible, the mis- 
take must not be made of going to the opposite extreme of 
disarranging the contents of the room too much, for the 
same surfaces should be exposed to the gas that were exposed 
to the infection. 

The strength of the gas and the time of exposure necessary 
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to insure disinfection have been determined by exact labora- 
tory experiments, but the conditions found in actual practice 
are so variable that we must allow for a liberal excess to 
make up for inevitable wastage. 

If the room can be kept closed without serious inconveni- 
ence, the time of exposure may with advantage be pro- 
longed to twenty -four hours. If the room is a leaky struc- 
ture, an excess of the disinfectant will have to be used, and 
in estimating the cubic capacity of confined spaces the result 
should be rather an overestimate than an underestimate. 

Formaldehyd gas is the most generally 
FoRMALDEHYD uscful and one of the best disinfecting agents 
Gas. that we possess. Its superiority depends 

upon its high value as a germicide, its non- 
poisonous nature, and upon the fact that it is not destruc- 
tive. 

The secret of successful disinfection with this substance 
is to obtain a large volume of the gas in a short time. The 
ideal formaldehyd generator is still an unsolved problem. 

The gas is a complex, unstable body, and failures in its 
use as a disinfecting agent result from an imperfect knowl- 
edge of its properties, its limitations, and its methods of 
production. 

Formaldehyd (HCOH) exists in at least three well-recog- 
nized isomeric states: 

1. Formaldehyd (formic aldehyd) is a gas at ordinary 
temperatures, colorless, and possessing slight odor, but 
having an extremely irritating eflFect upon the mucous mem- 
branes of the nose and conjunctiva. At a temperature of 
about — 20® C. the gas polymerizes into paraformaldehyd, 
known commercially as paraform. 

2. Paraform is a white substance, unctuous to the touch. 
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soluble in both water and alcohol. It consists chemically of 
two molecules of formaldehyd. It is this substance which 
is supposed to compose the commercial solutions of formal- 
dehyd, known as formalin, formol, etc. 

3. Trioxymethylene is formed by the union of three mole- 
cules of formaldehyd. It is a white powder giving ofiF a 
strong odor of the gas. It is but slightly soluble in alcohol 
and water. 

To sum up, formaldehyd exists in three states: 

CH,0 

CH,0 CH,0 

CH,0. CH,0. CH,0. 

Formaldehyd km. Pararormaldehyd Trioxymethylene. 

paraform. 

Formaldehyd gas possesses about the same specific gravity 
as air, which renders it poorly diffusible, although better 
than sulphur dioxid, and consequently it penetrates more 
readily to all portions and corners of a room. In disinfect- 
ing a leaky structure on a windy day it is only necessary to 
stand to the lee of the building to appreciate the great loss 
of gas that takes place through small cracks and crevices. 
It is, therefore, important to seal rooms well in disinfecting 
with formaldehyd gas. This is best done by pasting strips 
of paper around doors and windows and other cracks and 
crevices, or by calking (see page 85). In disinfecting a 
leaky room an excess of the gas is required to compensate 
for the loss. 

Formaldehyd combines with nitrogenous organic matter; 
a few drops added to the white of an egg will prevent its 
coagulating by heat. The formaldehyd has combined with 
the albumin to form a totally new compound, the character 
of which has not been definitely determined. It is from 
this property of combining directly with the albuminoids 
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forming the protoplasm of the micro-organisms that the 
gas is supposed to derive its powers as a germicide. It is 
perfectly plain, therefore, why there must be direct contact 
between the gas and the germ in order to accomplish dis- 
infection. Formaldehyd also readily unites with the nitrog- 
enous products of decay, fermentation, and decomposition, 
forming new chemical compounds which are both odorless 
and sterile. It is thus a true deodorizer in that it does not 
mask one odor by another still more powerful, but forms 
new chemical bodies which possess no odor. 

Formaldehyd seems to have no detrimental effect upon 
silks, wools, cotton, or linen. It does not change colors, 
with the exception possibly of a slight effect upon some of 
the deUcate anilin lavenders. An oil painting is not per- 
ceptibly altered after prolonged exposure to the gas. 

While the watery solution, when heated, attacks steel and 
iron, the dry gas has no effect upon these metals. Neither 
the gas nor the solution attacks the other metals. 

It is this non-destructive property of the gas that renders 
it generally applicable. It is practically the only disinfect- 
ing agent which may be used in the richest apartments, 
containing objects of art and value, without fear of injuring 
anything. 

The commercial solutions known as formalin, formol, etc., 
are said to contain 40 per cent, of formaldehyd gas. They 
are not always up to the standard, and, being volatile, there 
is a certain loss if they are not well kept. In winter there is 
a decided deterioration owing to the polymerization and 
precipitation of the insoluble trioxymethylene. This sub- 
stance is often found in abundance at the bottom of the 
bottle or carboy. For these reasons it is well to use an 
excess of the liquid in practical work if the exact strength 
of the formalin has not recently been determined. 
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Formalin solutions of commerce are almost all acid in 
reaction. This acidity is mostly due to formic acid. The 
commercial solutions also contain a certain amount of wood 
alcohol (about lo per cent.), which is added to increase their 
solubility and stability. The solution is known commercially 
as a solution of the gas formaldehyd in water, but this is 
evidently not the case. The gas is condensed in order to 
dissolve it, and in solution it exists in one of its polymeric 
states, so that the solution known as formalin is probably 
mainly dissolved paraformaldehyd. This is one of the rea- 
sons why simply heating or evaporating the solution does 
not always result in driving off the gas, but sometimes simply 
evaporates the water and deposits the solid paraform, thereby 
defeating the object desired. 

Temperature is an important factor in disinfecting with 
formaldehyd. The gas condenses at — 20° C. to the solid 
polymeric paraform. Disinfection with this gas should never 
be attempted if the temperature is under 10° C. In cold 
weather the room to be disinfected should be heated by 
artificial means, otherwise some other disinfecting agent 
must be selected. The action of the gas seems to be about 
the same between the temperatures of 10° C. and 27° C. 
Higher degrees of heat materially aid the disinfecting power 
of the gas. 

There is no such thing as chemically dry formaldehyd gas. 
Efforts to dry the gas result in its conversion to the solid 
polymeric state. A certain amount of moisture is therefore 
essential to obtain successful gaseous disinfection. The 
exact amount of moisture necessary has not yet been accu- 
rately determined, but it is probable that the full disinfecting 
power of formaldehyd gas is only obtained if the atmosphere 
contains 75 per cent, of moisture, and that only when the 
atmosphere is saturated with moisture is the maximum effect 
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obtained. It is therefore advisable, in dry weather, to place 
a basin of boiling water in the room just before evolving the 
gas. Most of the apparatus in the market supply means of 
producing watery vapor with the gas. 

Formaldehyd gas cannot be depended upon to accomplish 
more than a surface disinfection. Under ordinary circum- 
stances it possesses small powers of penetration. It takes a 
large volume and a long exposure to penetrate fabrics. 
The meshes tend to polymerize the gas and deposit it as 
paraform upon the surface of the fabric. Large quantities 
of the formaldehyd are lost by uniting chemically with the 
organic matter of fabrics, especially woolens, which also 
hinders its penetration. Heavy fabrics, quilted goods, and 
other materials requiring deep penetration should not be dis- 
infected with formaldehyd gas unless combined with heat 
in a special apparatus, as described below (page no). 

Formaldehyd gas has the power of killing spores, although 
not with sufficient certainty to render it a trustworthy dis- 
infectant for the infections due to spore-bearing bacteria. 
It has the great advantage of killing dried organisms quite 
as well as moist ones. 

Bacteria exposed directly to the action of a concentrated 
volume of the gas are destroyed almost instantly. Under 
similar conditions spores are sometimes killed within one 
hour. But in practical work it is necessary to prolong the 
time of exposure because the gas is evolved slowly from most 
of the forms of apparatus, and it takes considerable time 
for it to penetrate to all the comers and dead spaces of a 
room. Bacteria and their spores are not always directly 
exposed upon the surface of objects ^^mey are in laboratory 
experiments, and, furthermore, they a^Bgguently embedded 
in albuminous matter or in the dust, which retards the pene- 
tration of the gas and requires longer exposures. The time 
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which experiment and experience have found necessary in 
using this gas as a disinfectant is stated under each method. 

Formaldehyd gas is not toxic to the higher forms of animal 
life, although it stands at the head of the list of germicides. 
Long exposure to weak atmospheres of the gas, sufficient 
to kill germs, have but slight effect upon mammalian animals. 
Guinea-pigs, rats, mice, and rabbits, exposed to the most con- 
centrated atmospheres obtainable by any of the methods for 
evolving it, are not killed after half an hour's exposure. 
The only effect produced is a violent irritation of the mucous 
membranes of the respiratory tract, from which the animals 
may subsequently die. Micro-organisms exposed to this 
same concentration of the gas are killed almost instantly. 

Formaldehyd is not an insecticide. In the strongest vol- 
umes of the gas obtainable it seems to have practically no 
effect upon roaches, bedbugs, and the great majority of 
vermin of this class. It will kill mosquitos in the strengths 
and time prescribed for bacterial disinfection, provided 
there is direct contact between the gas and the mosquitos. 
The action of this substance upon mosquitos is discussed 
more in detail under formaldehyd as an insecticide. 

Upon the completion of the time required to disinfect a 
room it is best to open all the doors and windows and simply 
let the gas blow away. This is often a troublesome procedure. 
If the windows can be reached from the outside, it is easy 
enough ; but if the room must be entered, it is advisable for 
the operator to cover his mouth and nose with a moist towel, 
and he must act quickly. It was formerly the custom to 
neutralize the gas w ith a mmonia, but this is little practised 
now. Half of the q^^Hty of aqua ammonia may be driven 
into the room ir^^KTiron retort or autoclave, or the am- 
monia may simply be sprinkled about the room. It is true 
the ammonia neutralizes the formaldehyd by the production 
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of formamid, but this substance has a persistent odor, 
greatly prolonging this unpleasant feature of formaldehyd 
disinfection. 

The following methods are given as the most reliable for 
disinfecting with formaldehyd gas : 

r. Autoclave under pressure. 

2. Retort without pressure. 

3. Generator or lamp. 

4. Formaldehyd and dry heat in partial vacuum. 

5. Spraying. 

6. Heating parafomi. 

The method of producing formaldehyd 
The from its solution in an autoclave under pres- 

AuTOCLAVE sure is highly eflficient. A large volume of 
UNDER the gas is evolved in a very short time, and, 

Pressure, owing to the force with which it is driven 

into an indosure, better penetration and 
diffusion are obtained, and the disinfection is accomplished 
with more certainty than by the slower methods. The 
average room in a well-built house needs no special prepara- 
tion, with this method, beyond the closing of doors and 
windows. The pasting and calking of the ordinary chinks 
and cracks is not necessary, provided the carpentry work 
is reasonably tight. 

The autoclave consists of a retort sufficiently strong to 
withstand the required pressure. The retort is usually made 
of copper, as the formalin solution attacks iron. Or, if 
made of iron, the interior must be enameled with a suitable 
substance, as is done in some of the s^^BUives on the market. 
The retort is furnished with a fillin^i^^l, B (Fig. 29), a 
water gage, and a pressure gage D. Tne outlet pipe ends 
in a small copper tube, I, that may be introduced through 
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the keyhole of a door. The retort is also usually provided 
with 3 safety valve, to prevent accidents. The heat is com- 
monly apphed by means of a Primus lamp, C, but a Bunsen 
gas jet or a gasoline flame will answer equally well. 



Autoclave fob Evolving Thb Same — Portable Tvpe. 

furmaldeiivd gas un- 
DER Pressure. 



Too much relianc^Kiist not be placed upon the level of 
the water in the^^Rwhile using this apparatus under pres- 
sure, for in practice it is found to be untrustworthy. 

The solution used in this apparatus consists of formalin 



• ^ 
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(40 per cent.), with the addition of 20 per cent, of calcium 
chlorid, or some other neutral salt, such as borax, or common 
salt. Ten per cent, of glycerin may also be added, but is 
not necessary. The neutral salt is added to the solution in 
order to prevent the polymerization of the formaldehyd, 
raise the boiling-point, and facilitate the evolution of the 
gas. 

Use not less than 10 ounces of the solution for each 1000 
cubic feet of space to be disinfected. 

There must always be enough solution in the retort to 
show plainly in the water-glass. If a small room or inclosure 
is to be treated, it will be necessary to dilute the glyco- 
chloro-formalin with a sufficient quantity of the 20 per cent, 
calcium chlorid solution so that the bottom of the retort will 
be well covered with the liquid. Most of the autoclaves on 
the market are of such size that they will not work satis- 
factorily with less than i liter, or about 30 ounces of fluid. 

Close all the valves tightly and bring the pressure up gradu- 
ally. Be careful to open the outlet cock several times as 
the pressure rises, so as to drive out the contained air. After 
the pressure reaches 45 pounds the outlet valve may be 
opened and the gas permitted to enter the room or compart- 
ment to be disinfected. The gas may be evolved at a pres- 
sure higher than 45 pounds, but the pressure should not be 
allowed to drop below this point. It takes from 10 to 15 
minutes to evolve the gas from 30 ounces of solution. After 
the gas has been separated from its solution, the valve should 
be opened wide, so that the pressure falls and the steam 
from the retort enters the compartment in order to furnish 
the moisture necessary for the formaldehyd gas to exert its 
maximum disinfecting power. 

Practically all the gas is given off from this form of ap- 
paratus during the first part of the operation. It is there- 
7 
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fore necessary to charge the retort separately for each room 
to be treated. The residue consists of a concentrated solu- 
tion of calcium chlorid, and may be left in the apparatus in 
practising continuous disinfection. It will not do to fill 
the retort and use a portion of the gas for the disinfection 
of one room and the remaining portion for another room, 
for the second would get Httle or no formaldehyd gas. 

Sometimes this form of apparatus squirts hot liquid from 
the outlet tube, and provision must therefore be made in 
room disinfection that nothing stand in the line of the enter- 
ing tube that may be injured. Danger from this source may 
be obviated by hanging a towel a short distance in front of 
the tube, and another on the floor to catch the drip ; or by 
placing a bucket so as to catch any fluid that may escape. 

The disadvantages of this method are that it requires a 
rather heavy and somewhat cumbersome apparatus, and 
that it takes a skilled hand to operate it. 

This method is applicable to rooms of any dimensions^ 
it being only a question of the size and number of auto- 
claves. It may also be used for the disinfection of clothing 
and fabrics, suspended loosely in the room in such a manner 
that every article is freely accessible to the gas from all 
directions. 

For the disinfection of a room presenting only smooth, hard 
surfaces, an exposure of one hour is suflicient to destroy 
all non-spore-bearing organisms. For fabrics, an exposure 
of twelve hours is necessary in order to insure penetration. 

Formaldehyd gas may be evolved from 

Retort its watery solution by simply distilling it in 

WITHOUT a retort without pressure. There are on 

Pressure, the market several forms of apparatus based 

upon this principle. 
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When formalin is boiled, the formaldehyd contained in 
the solution has a tendency to deposit in one of its poly- 
meric forms instead of being driven off as a free gas. If 
formalin is boiled until it has evaporated to about half its 
bulk, it consists of a syrupy liquid which bums with a pale 
blue flame. This liquid is a concentrated solution of para- 
formaldehyd, and, if permitted to cool, separates out as a 
white, creamy sohd, but if heated to the boiling-point the 
solution is broken up into the two molecules of which it 
consists and is disengaged as formaldehyd gas. As the 
solution condenses, the boiling-point rises, which favors the 
evolution of the gas. 

It is therefore plain that upon first heating formalin the 
water is mainly evaporated, and subsequently the formal- 
dehyd is disengaged. In other words, more of the disinfect- 
ing gas is evolved toward the end of the boiling than at first. 
In general practice this fact has an important practical bear- 
ing when using the retorts without pressure. It is necessary 
to place the required amount of solution in the apparatus 
and to use it all. It will not do to fill the retort and then 
use part of the gas and vapor evolved at first for the dis- 
infection of one room, and continue with the residue to dis- 
infect another room, for the first might not get its full share 
of the gas. 

A retort well suited for evolving formaldehyd gas ac- 
cording to this principle is the Trenner-Lee apparatus shown 
in figures 32, 33. This apparatus consists of a copper retort 
with a very long neck and a series of compartments specially 
designed to prevent the boiling solution from bubbling over 
and squirting from the outlet tube. The retort proper is 
incased in a copper jacket, shown in the accompanying draw- 
ing, figure 33. 

The heat is applied by means of the alcohol lamp K. 
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Tkenner-Lee Retort, Showing Compartments. 
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The burners E are so placed that only the periphery of the 
retort is in contact with the flame, and so arranged in relation 
to the retort that the maximum amount of heat is applied 
directly to one of the special compartments shown in the 
bottom. An asbestos pad is riveted to the bottom of the 
retort to serve the purpose of keeping the column of liquid 
in the center comparatively cool. A circulation of the 
formalin solution is thus obtained from the periphery toward 
the center. A disc L, made of non-conducting material, 
is placed where shown in the drawing, to keep the reservoir 
(K) of alcohol cool. 

When the apparatus is working, the solution boils at the 
periphery of the retort, and as it ascends the sides of the 
long neck it comes in contact with the hot metal, which 
facilitates the evolution of the gas. While the gas is being 
disengaged the little plate of metal shown at C is agitated, 
and by its tinkling indicates when the process begins and 
ends. 

The commercial solutions of formalin are used in this 
apparatus. The addition of i per cent, of glycerin is claimed 
to add to its efiiciency when evolved in this way. The 
glycerin is added because it raises the boiling-point and 
retards polymerization of the formaldehyd in solution. It 
deposits as an imperceptible film upon the surfaces of ex- 
posed objects. This film is supposed to favor the disin- 
fecting power of the gas by holding it in direct contact 
with the bacteria. 

Use not less than lo ounces of formalin (40 per cent.) for 
each 1000 cubic feet of air space, and keep the room closed 
no less than six hours, if only smooth, hard surfaces are to 
be disinfected ; but an exposure of twenty -four hours is de- 
sirable to disinfect fabrics, or rooms of peculiar construc- 
tion requiring time to penetrate. 
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In disinfecting rooms and spaces with this apparatus it 
is necessary to tightly close all cracks, crevices, and the 
like, by the usual means. Doors and windows of reason- 
ably tight construction need not be pasted. 

It requires about fifteen minutes to distil lo ounces of the 
solution from this apparatus. The gas escapes in a moist 
state, and it is therefore not necessary to add moisture. 
The gas and watery vapor escape from the retort with con- 
siderable force, which aids diffusion and penetration. The 
method is therefore efficient for general application in dis- 
infecting wherever formaldehyd gas is indicated, particularly 
in rooms and spaces not over 5000 cubic feet in capacity. 

The Lentz formaldehyd gas generator is constructed upon 
principles similar to the above, and is an efficient, simple 
and cheap apparatus for the evolution of formaldehyd gas 
from its watery solution. 

The apparatus consists simply of a copper retort, hold- 
ing four pints, in which the formalin is distilled. The heat 
is supplied by means of a Primus burner, which develops 
a high temperature and boils the solution energetically and 
therefore vaporizes the liquid quickly, driving off the gas 
with considerable force. The retort is furnished with a 
filling funnel A (Fig. 34), from which a metal tube extends 
downward nearly to the bottom of the retort, serving the 
same purpose as the drain-traps used in plumbing. The 
solution automatically closes the funnel tube as long as 
there is sufficient of it in the retort; but when the liquid has 
evaporated so that it is lower than the aperture at the bot- 
tom of the funnel tube, the vapor may be seen to escape 
from A, or the gas may readily be detected by its irritating 
odor. 

The stop-cock A is therefore left open while the solution 
boils and the gas is being disengaged. As soon as the gas 
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escapes from the filling funnel, the stop-cock A is closed 
and the flame extinguished; or if the room to be disinfected 
is a large one, more solution may be poured into the retort 
and the process continued. 

The stopper B of the retort is of special design and the 

Fio. 34- 



The Lentz FokMALDBHVD Gas Generator. 

outlet tube is inclined upward in order to diminish the risk 
of throwing liquid into the room, as there is considerable 
foaming during ebullition, caused largely by the glycerin 
which is added to the solution of formaldchyd. It is claimed 
that the addition of i per cent, of glycerin aids the disin- 
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feeling power of the gas by forming a film upon the surface, 
which holds the formaldehyd gas in contact with the bac- 
teria. The glycerin also raises the boiling-point of the 
solution and retards the polymerization of the formaldehyd 
in solution, thereby facilitating the evolution of the gas. 

In disinfecting with this apparatus use not less than lo 
ounces of formalin (40 per cent, formaldehyd) for each 1000 
cubic feet of air space. One per cent, of glycerin may be 
added to the formalin. Keep the room closed six hours 
where only smooth, hard surfaces are to be disinfected, but 
twelve hours for textiles or spaces of peculiar construction 
requiring time for penetration. 

The preparation of the room, the amount of formalin to 
be used, the time of exposure and other details are similar 
to those given for the use of the Trenner-Lee apparatus (see 
above). 

The formaldehyd gas is generated from the 

Gbnbrator lamp by the dehydrogenation of the vapor 

OR Lamp, of wood alcohol, in passing it, mixed with 

air, over incandescent platinum. 
The following reaction takes place : 

CH,OH -f O = HCOH 4- H,0 
Methyl alcohol. Oxygen. Formaldehyd. Water. 

The platinum is in a state of fine division on asbestos discs 
in this form of apparatus. The disc is platinized by saturat- 
ing the asbestos with a solution of platinic chlorid in alcohol. 
The alcohol is then burned off and the disc heated to in- 
candescence, which leaves the metallic platinum on the 
asbestos. 

The chemical action resulting from the dehydrogenation of 

the methyl alcohol produces sufficient heat to keep the 
8 
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platinum incandescent, so that the process continues auto- 
matically after it has been started. 

There are several difficulties met with in a generator built 
upon this principle, which must be overcome in order to 
have a practical lamp. It is of prime importance that 
almost all of the vapor of the wood alcohol be changed to 
formaldehyd gas. If much of the vapor of wood alcohol 
escapes into the air unaltered it is liable to take fire and 
result in serious consequences. In none of the generators 
so far devised is the amount of formaldehyd theoretically 
possible, obtained from the alcohol consumed. It is also 
important to prevent the heat from the incandescent plati- 
num flashing back and setting fire to the reservoir of alcohol 
which is used to feed the apparatus. 

In the Kuhn formaldehyd lamp these difficulties are 
well met by passing the vapor of the wood alcohol between 
two cones of platinized asbestos. One of these cones is 
not platinized upon its under surface, and by its position 
acts as a deflector, preventing the heat being thrown 
directly upon the surface of the pan j, figure 35, contain- 
ing the wood alcohol. This pan is filled with mineral wool 
that serves the purpose of a wick. 

The series of small openings shown at 8 in the accom- 
panying illustration admit the air and are gaged to supply just 
sufficient quantity for the dehydrogenation of the alcoholic 
vapor. The water surrounding this pan acts as a seal, pre- 
venting air entering the lamp and mixing with the alcohol 
vapor, except as intended through the series of small open- 
ings shown at <?. In addition, the water is slowly volatilized 
by the heat produced during the process, hydrating the for- 
maldehyd gas evolved, which experiments have shown in- 
creases its germicidal power. Any alcoholic vapor which 
escapes the action of the platinized cones is then subjected 
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to successive passages through five layers of 20-raesh copper 
wire shown at loa, lob and loc, in the accompanying cut, 
serving the purpose of converting some of it into formal- 
dehyd gas. 

One of the special advantages claimed for generatois of 
this kind is that nascent formaldehyd is liberated, and it is 
a well-known fact in chemistry that reagents exert their 

Fig. 35- 



KuHN FoKMAij>EHyD Genbkatoi. or Lamp. 

most powerful effect when in this state. The manner of 
evolving the gas is also free from the objection of some of 
the other processes in that there is less polymerization of 
the formaldehyd gas to paraform. Hence, when the room 
is aired after the completion of the process, the unpleasant 
and irritating effects of the gas do not cling so persistently 
as in some of the other methods. 
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One of the disadvantages of the lamp is that the gas is 
generated very slowly. It takes about two hours to convert 
three pints of wood alcohol, which is the amount required to 
disinfect 2000 cubic feet of air space. When the gas is 
evolved so slowly it takes a long time for it to permeate 
into all the nooks and comers of a room. It therefore lacks 
the penetrating power of the quicker processes. 

Fig. 37. 



In using this method for the disinfection of rooms it is 
very important to tightly seal, calk, or otherwise close all 
cracks and crevices, else the gas may be lost almost as 
quickly as it is generated, thereby defeating the object to 
be attained. 

There is also a certain objection to leaving a lamp locked 
in a room with the possibility of fire, however sUght, espe- 
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cially as there is no way of telling what is going on, except 
by opening the room and thereby spoUing the operation. 

To use the apparatus, unlatch and slightly raise the 
cylinder, svring it around on the upright rod, as shown in 
figure 36. 

Then pour into the pan not less than i quart of standard 
wood or methyl alcohol (95 per cent.). The alcohol satu- 

Fio. 38, 
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rates the mineral wool which acts as a wick. Next fill the 
space around the pan with about 3 pints of water, so that 
the level of the water is within half an inch of the top of the 
pan. When this is done, swing the cylinder back over the 
pan, as shown in figure 37, leaving an open space of about 
an inch between the wick and the cylinder. Now light 
the alcohol and permit it to bum one minute and a half, 
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SO as to thoroughly heat the platinized discs. Then ex- 
tinguish the flame by means of an extinguisher of asbestos, 
which is laid over the pan and kept in close contact until 
it is certain that the flame is extinguished. The operator 
must assure himself on this point or the lamp will not gen- 
erate formaldehyd gas. In the absence of one of the asbestos 
extinguishers a flat metal sheet or a pane of glass may be 
used. 

After the flame is extinguished lower the cylinder into 
the water and fasten the latch at the bottom, as shown in 
figure 38. The lamp should now begin to throw off for- 
maldehyd gas. Before leaving it the operator must satisfy 
himself that the cylinder is very hot, that the flame is no 
longer burning, that the cylinder is well under the surface 
of the water, and that there is a distinct odor of gas evolved. 

The generator or lamp may be used for the surface dis- 
infection of rooms not over 2000 cubic feet and of tight con- 
struction. Use not less than 25 ounces of wood alcohol for 
each 1000 cubic feet of air space, and prolong the exposure 
to not less than twelve hours, preferably twenty -four. It is 
necessary to tightly calk, seal, or close all cracks and crevices 
in order to prevent the loss of the gas. 

At the completion of the process there should be a dis- 
tinct odor of formaldehyd gas, all the wood alcohol should 
be consumed, and about one-third of the water in the pan 
evaporated. 

This is a very reliable and widely appli- 

FoRMALDEHYD Cable method of disinfection. It has the 

AND advantages of being rapid, of penetrating 

Dry Heat in deeply, and of not being destructive. The 
Partial 

Vactitim method is particularly useful for the dis- 
infection of clothing and baggage on a large 
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scale. Great quantities of letter mail may be rendered safe 
in an hour by this process, and that without puncturing the 
envelopes or injuring the letters in any way. 

The process requires a special apparatus in which a high 
percentage of formaldehyd gas, a temperature of 80° C, and 
a vacuum of 15 inches may be produced. These require- 
ments are well met in the Kinyoun-Francis disinfecting 
chamber figured and described on page 56. 

The articles to be disinfected are placed on the rack or 
car which is rolled into the chamber. The door is closed 
and secured. The clothing and baggage must be disposed 
loosely in the cylinder so as to be well exposed to the action 
of the gas and heat. The steam is now allowed to enter the 
jacket of the apparatus, and as the air of the disinfecting 
cylinder is heated it expands. By opening one of the blow- 
off valves some of the contained air may thus be forced out. 
When the temperature inside the cylinder reaches 80° C, 
the steam is turned into the ejector until the gage shows 
that there is a vacuum of 15 inches in the interior of the 
disinfecting cylinder. The formaldehyd is now forced in. 
For this purpose the formaldehyd is generated from its 
watery solution plus 20 per cent, of calcium chlorid, in an 
autoclave under a pressure of three atmospheres, according 
to the method described on page 93. Use not less than 10 
ounces of a 40 per cent, formalin solution for every 1000 
cubic feet. Steam is kept slowly coursing through the 
jacket in order to maintain a constant temperature of 80° C. 
or more throughout the operation. The vacuum usually 
falls a few inches, depending upon the quantity of the gas 
entering the chamber. 

An exposure of one hour to these combined conditions 
of a high percentage of formaldehyd gas, in a partial vacuum, 
and under a temperature of 80® C. is ample to thoroughly 
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disinfect baggage, wearing apparel, mail and household 
objects generally. 

This method should not be used for the disinfection of 
pillows, mattresses and similar articles requiring deep 
penetration. 

In the disinfection of letter mail by this process it is only 
necessary to arrange the letters loosely on end upon wire 
trays or open frames. The partial vacuum aids the penetra- 
tion of the gas and heat, so that it is not necessary to punc- 
ture the envelope. It is of some importance to take out 
all letters sealed with wax, as this substance melts at the 
temperature used. 

For a complete description of this valuable method of 
disinfection, see page 79. 

Spraying is a very useful method of apply- 
Spraying. ing formaldehyd as a disinfectant, especially 

as it may be carried out without special 
apparatus. It has distinct limitations, and unless all the 
necessary conditions are carefully observed, spraying is a 
very untrustworthy method. 

The formalin may be sprayed upon sheets hung up in a con- 
fined space, or it may be sprayed directly upon the object to be 
disinfected. In the latter case the object gradually becomes 
bathed in an atmosphere of the gas which is slowly evolved 
by the evaporation of the liquid, and it also receiveis the 
benefit from the direct contact with the germicidal solution. 

From its watery solution at ordinary temperatures for- 
maldehyd gas is given off very slowly, and in very uncertain 
quantity. It also diffuses poorly into dead spaces by this 
method. It is not applicable to large inclosures, nor to 
rooms having many drawers, nooks, or spaces where the gas 
would have difficulty in permeating. The amount of the 
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gas evolved from any given quantity of sprayed solution is 
very variable, depending upon many conditions, such as 
temperature, pressure, purity of the solution, surface ex- 
posed, and other less known factors. 

In cold weather the formalin is apt to polymerize, and the 
water will evaporate from the solution sprayed upon a sur- - 
face, leaving most of the formaldehyd as a white, solid residue 

Fig. 39. 



Formaldehyd Spkinklsk. 

of paraform. Hence the method should never be used 
except in warm weather or in rooms arti6ciaUy heated. 
Warmth not only faciUtates the evaporation of the fluid, 
but aids the disinfecting power of the gas. 

The formalin should be sprayed in very small drops, which 
exposes a maximum surface for evaporation. Large splashes 
of the solution, applied by means of brushes, mops, and the 
like, are less reliable. 
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A convenient form of spraying apparatus used by the 
Chicago Board of Health is shown in Pig. 39. In using this 
method for the disinfection of rooms, spray not less than 
10 ounces of formalin (containing 40 per cent, formaldehyd) 
for each 1000 cubic feet, upon sheets suspended on lines 
across the room. Used in this way a sheet 5 by 7 feet will 
hold about 5 ounces without dripping or the drops running 
together. 

The room must be very tightly sealed and kept closed at 
least twenty-four hours. The method is limited to rooms 
or apartments not exceeding 2000 cubic feet, because the 
gas is evolved so slowly that there is more loss than can be 
replaced by the slow evaporation, and the gas will not 
permeate into the comers of large rooms in sufficient vol- 
ume to insure its disinfecting action. 

It requires some practice to apply the sprinkling method 
effectually. The gas is irritating, and it must be done 
quickly and at the same time carefully, so that the liquid 
remains on the sheets in small and discrete drops. 

The sheets may be wrung out in the formaldehyd solution 
and then hung up in the room; but while this method is 
simpler, it cannot be recommended as being as trustworthy 
as spraying. 

In the disinfection of rooms with formaldehyd gas by any 
of the methods it is useful to supplement the action of the gas, 
as evolved from the generators or regenerators, by spraying. 
A pure formalin solution should be used to sprinkle the car- 
pet, rugs, upholstered furniture, hangings, and other objects 
requiring deeper penetration, just before the room is finally 
closed, and the gas produced by whatever method is used. 

The disinfection of small objects, such as a few handker- 
chiefs, laces, or some letters, objects of art, or articles of 
value, may be done successfully by sprinkling them liberally 
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with formalin and placing them in a tight box or drawer, 
in a warm place, for twenty-four hours. As the formalin 
solutions are generally acid and there is some risk of spotting 
objects of great delicacy and value, these may be disinfected 
by arranging them in a small box which can be thoroughly 
sprinkled without wetting the objects themselves. The box 
should be tightly closed and kept in a warm place for the 
required time. 

. The mail may also be effectively disinfected by a modi- 
fication of the spraying method. The comer of the envelope 
is chpped off and a few drops of formalin are introduced by 
means of an eye dropper. Several drops are then placed 
on the outside surfaces of the envelope and the letters are 
put in a tight box or bag and laid in a warm place for 
six hours, preferably over night. In the absence of better 
apparatus very large quantities of letter mail may thus in a 
short time be disinfected by this process by one or two 
persons. In disinfecting large quantities it is best to clip 
the edge of the envelope with scissors, insert the few drops of 
formalin, and then place the letters loosely in a leather or 
closely woven mail sack. They should not be tied in bundles. 
Upon each layer of letters in the sack sprinkle some formalin, 
continuing this until the sack is partly filled, when it must 
be closed tightly and may be sent in this condition to its 
destination, provided the journey is of at least six hours. 
Of course, the mail sacks should be kept in a warm place 
and should be well sprinkled with formalin before the letters 
are placed in them. When the sack is opened, the smell 
of the gas is very strong. It is therefore advisable to have 
them opened out of doors. Here the sprinkling of a little 
ammonia may be done with advantage. 

For the disinfection of baggage packed away in a trunk 
or container the spraying method is not a reliable one for 
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The Sobering lamp and formalin disinfector consists 
simply of a metal pan in which the paraform is heated by 
an ordinary spirit lamp. The wicks must not project more 
than a twelfth of an inch, which is enough to give a flame 
that will heat the pan and its contents sufficiently to cause 
volatilization of the paraform without danger of combustion. 
Should the paraform ignite, no formaldehyd gas will be pro- 
duced and the object of the disinfection will be defeated. 

This method of evolving formaldehyd gas is useful for the 
surface disinfection of closets and small inclosures, contain- 
ing less than looo cubic feet. The space must be of tight 
construction, and all cracks and crevices must be carefully 
sealed. The exposure should not be less than twelve hours, 
and preferably twenty-four hours. Use not less than two 
ounces of the substance for each looo cubic feet of air space. 

Sulphur dioxid (SOj) is an efficient sur- 
SuLPHUR face disinfectant. It is very destructive to 
DioxiD. animal as well as to vegetable life, and it 
is this property that makes it of special 
value in destroying contagion that is spread through the 
agency of vermin, such as rats, mice, flies, fleas, mosquitos, 
etc. In this regard it has no superior. Its action as a dis- 
infectant demands the presence of moisture. It cannot 
be depended upon where penetration is required. It does 
not kill spores. It is therefore inapplicable to the preven- 
tion of the spread of such infections as anthrax, tetanus, or 
malignant edema; or for the disinfection of bedding, mat- 
tresses, pillows, blankets, fabrics, and similar articles needing 
more than a mere surface purification. 

Sulphur dioxid possesses the advantage of being efficient, 
cheap, and readily procurable. There is hardly a cross-road 
store in the country where a reasonable quantity of sulphur, 
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either in the form of flowers or in rolls or sticks, under the 
name of brimstone, cannot be obtained. The small amount 
required to disinfect large cubic areas renders the process 
comparatively cheap, and specially applicable to the holds 
of ships, freight cars, granaries, stables, outhouses, and 
similar large rough structures — particularly if infested with 
vermin. 

The disadvantages of sulphur dioxid as a disinfecting 
agent are such as to contract its application to rather narrow 
limits. It bleaches all coloring matter of vegetable origin 
and many anilin dyes, and attacks almost all the metals. 
It acts upon cotton and linen fabrics so as to seriously weaken 
their tensile strength. 

Sulphur dioxid is a heavy, colorless, irrespirable gas, with 
a peculiar suffocating odor and irritating properties. It has 
a density of 2.4; a liter weighs 2.86 grams; 100 cubic inches 
weigh 68.89 grams. On account of the heavy specific gravity 
of sulphur dioxid as compared to air, it diffuses slowly, 
which partly accounts for its inferior penetrating power as 
a disinfectant. 

Cold water takes up more than thirty times its volume of 
sulphur dioxid. The solution contains hydrogen sulphite or 
sulphurous acid (HgSOj), and it is in reality this acid that 
is the disinfecting agent. Dry or anhydrous sulphur dioxid 
was found by Geddings to be practically inert so far as its 
effect upon micro-organisms is concerned. He found that an 
atmosphere containing as much as 10 per cent, of the dry 
sulphur dioxid has no effect upon anthrax, cholera, the colon 
bacillus, typhoid, diphtheria, or the Bacillus icteroides of 
Sanarelli, after forty-eight hours' exposure ; while an atmos- 
phere containing only 0.6 per cent, of the gas plus moisture 
showed active germicidal effects upon non-spore-bearing 
organisms after twenty -four hours' contact; 1.6 per cent. 
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was equally effective in eighteen hours, and 4.25 per cent, 
in sixteen hours. 

The watery solution of sulphur dioxid consisting of sul- 
phurous acid remains unchanged so long as air is excluded, 
but when exposed to the oxygen of the air, it is converted 
into sulphuric acid (H^SO^), and it is these two acids that 
have such a destructive effect upon the fiber and colors of 
fabrics. Cotton and Imen that have been exposed to sul- 
phur dioxid in the presence of moisture become so weakened 
that they tear readily. Sulphur fumigation is therefore not 
applicable to such materials. 

Sulphur dioxid may readily be condensed into a clear 
liquid by either cold or pressure, or a combination of both. 
At ordinary atmospheric pressure it condenses if the tem- 
perature is reduced to — 18° C, which is about the tempera- 
ture of a mixture of ice and salt. At ordinary temperature 
it liquefies if the pressure is raised to about four atmos- 
pheres — i. e., 60 pounds. 

This liquid is a stable substance when kept well sealed 
and protected 'from the action of the air. It rapidly vola- 
tilizes by pouring it into an open vessel. It is now found 
in commerce and is a good method of producing the gas for 
disinfecting piuposes. 

The sulphurous and sulphuric adds which are produced 
by sulphur dioxid in the presence of moisture and oxygen 
attack almost all the ordinary metals. Therefore metal 
objects should be removed from the room that is to be dis- 
infected. If they are fixtures, they may be protected by ^ 
greasing them with vaselin. 

The complete combustion of one pound of sulphur in a 
space of 1000 cubic feet will produce i . 1 5 per cent, of sulphur 
dioxid. But this amount cannot be obtained in practice 
because the sulphur of commerce contains impurities, such 



GASEOUS DISINFECTANTS. 121 

as sulphate of lime and sand, and a portion is always oxi- 
dized to the formation of ill-defined compounds. There- 
fore I pound may be considered as producing approxi- 
mately I per cent, of the gas by being burned in looo cubic 
feet of space, and 5 pounds will produce about 5 per cent. 
Tliis is the amount found by experiment to be sufficient to 
kill all the non-spore-bearing organisms after sixteen hours' 
exposure. 

The amount of moisture necessary to convert the sulphur 
dioxid into sulphurous acid is readily computed. It will be 
found that J of a pound, theoretically, of water should be 
volatilized or added for each pound of sulphur burned. The 
water may be added in the form of steam, or it may be added 
after the combustion of the sulphur, in the form of a finely 
divided spray ; or it may be vaporized by the heat generated 
by the combustion of the sulphur itself. The latter method 
is the one that will commend itself in practical use and is 
described under the pot method. 

In disinfecting with sulphur dioxid it is necessary to tightly 
seal the room. The gas is disengaged so slowly that much 
of it will escape through small openings, especially near the 
floor. All the cracks and keyholes must be stujffed with 
a suitable material or pasted with paper. Paper should be 
pasted about all the windows and doors. Of course, radia- 
tors, ventilators, and fireplaces must be closed by means that 
will readily present themselves. In cold weather the heat- 
ing of the rooms by any means at hand will greatly aid the 
disinfecting action of the gas. 

Sulphur dioxid is very fatal to animal life. It quickly 
kills rats, mice, rabbits, guinea-pigs, cats, roaches, fleas, 
mosquitos, and all kinds of insects. It is therefore a valuable 
means of ridding a confined space of all sorts of vermin. 
It is invaluable for this purpose in the disinfection of gran- 
9 
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aries, ships, and structures for plague, as well as rooms and 
wards for yellow fever and malaria. 

There are three well-recognized methods of fumigating 
with sulphur dioxid, viz. : 

1. The pot method. 

2. Liquid sulphur dioxid. 

3. The sulphur furnace. 

The pot method is at once the easiest, 
This Pot cheapest, and probably the most efficient 
METHOD. method of disinfecting with sulphur dioxid. 
The only materials required are iron pots 
and some sulphur. The best way to apply the method is 
by placing the sulphur in large, flat, iron pots, known as 
Dutch ovens. Not more than 30 pounds of sulphur should 
be placed in each pot. The sulphur is preferably used in 
the form known as flowers of sulphur. If it is in sticks or 
rolls it should be crushed into a powder, which may con- 
veniently be done by placing the sulphur in a stout box and 
pounding the lumps with a heavy timber. The pot holding 
the sulphur should be placed in a tub of water, as shown in 
the sketch. The water not only diminishes the danger from 
fire, but by its evaporation furnishes the moisture necessary 
to hydrate the sulphur dioxid upon which the disinfecting 
power of the gas depends. The great advantage of this 
method is that the moisture is furnished automatically and 
it does away with the necessity for its introduction by means 
of steam or spray. Although the specific gravity of sulphur 
dioxid is heavier than that of air, when hot it rises aided 
by the upward current produced by the burning sulphur. 
Therefore the pots should not be on the floor, or bottom of the 
hold in case of vessels, for fear of the cold gas settling, and 
by depriving the flame of oxygen cause it to become ex- 
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tinguished before all the sulphur is burned. In rooms and 
freight cars, the pots are best placed upon a table or box, 
and in the holds of ships upon piles of ballast, or on the 
" 'tween decks." 

The sulphur may be lighted by means of hot coals or a 
wood fire, or any other convenient means. But the most 
reliable way to get it well lighted is by alcohol. Make a 
little crater in the sulphur, as shown in the accompanying 
diagram, saturate liberally with alcohol, and light. The 
sulphur then burns in the center, and, as it melts, runs 
down from the sides to form a little lake at the bottom of 
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the crater. If the sulphur is heaped up in a mound in the 
pot the flame is apt to go out. 

Upon the principle of not putting all our eggs into one 
basket, it is best to have a number of pots. Each pot should 
not contain more than 30 pounds of sulphur, and the pots 
should be well distributed in various portions of the space 
to be disinfected. Use 5 pounds of the sulphur for each 1000 
cubic feet of space. Four pounds are theoretically sufficient 
to produce four per cent, of sulphur dioxid, but the extra 
pound is for the inevitable wastage. Some of the sulphur 
always remains unconsumed, and there is always considerable 
loss by leakage and absorption of the gas. 
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The time required for sulphur dioxid to act varies with 
the purpose for which it is used. For the destruction of 
vermin or animal life two hours' exposure is ample. For 
the destruction of bacterial infection sixteen to twenty-four 
hours* exposure is necessary. 

Liquid sulphur dioxid, commonly known 
Liquid ^ls sulphurous acid gas, though an efficient 
Sulphur method of applying sulphur dioxid to the 
DioxiD. disinfection of large spaces, is about ten 
times as expensive as burning sulphur by 
the pot method. It has the advantage of liberating a large 
volume of the gas rapidly, thereby diffusing the gas more 
quickly to all parts of a room than is possible with the slower 
methods of combustion of the sulphur either by the pot 
method or by the furnace. This is a great advantage in a 
gaseous disinfectant, because by the slower method of pro- 
duction the gas not only diffuses slowly and imperfectly 
into dead spaces, but much is lost through the cracks and 
pores, some of the gas is dissolved by the water and moisture 
that may be present, and lost in other ways, so that there 
is a gradual diminution of its amount. On account of this 
loss the desired percentage may not be obtained in the slower 
methods of its evolution. The use of liquefied sulphur di- 
oxid also has the advantage of avoiding the danger of acci- 
dental fire. 

One pound of sulphur (atomic weight, 32) will produce 
about 2 pounds of sulphur dioxid (atomic weight, S32 -f- 
0^32 = 64) ; therefore twice as much by weight of the liquid 
sulphtu" dioxid is necessary in practical disinfection; that 
is, instead of using 5 pounds of sulphur, it is necessary to 
use 10 pounds of the liquefied gas per 1000 cubic feet. 

The method of using the liquid sulphur dioxid is very 
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simple. If the substance is used in the small tins, it is only 
necessary to cut simultaneously the leaden pipes in the tops 
of the necessary number of cans, and invert the latter in an 
ordinary washbowl or iron pot, when volatilization rapidly 
occurs. The operator must act quickly and be prepared 
immediately to leave the room and shut the door. If the 
substance is contained in glass or metallic siphons, the neces- 
sary amotmt of liquid sulphur dioxid can be projected from 
the outside through a small pipe passed through the keyhole 
or other small aperture into a suitable receptacle. The 
internal pressure in the siphon is sufficient for this purpose. 
In order to obtain the maximum disinfecting power from the 
sulphur dioxid it is necessary to introduce moisture. This 
may be done by placing open pans of boiling water in the 
room, or by injecting steam or a fine spray. 

The sulphur may be burned in an appa- 

The Sui*phur ratus of special construction, known as a 

Furnace, sulphur furnace, from which the resulting 

fumes are blown through a system of pipes 
into the room or hold of a vessel to be disinfected. This 
method requires expensive and cumbersome machinery 
and has little to recommend itself over the simpler pot method 
than that a larger percentage of the gas may be obtained 
in a given space. The pot method, at best, cannot produce 
an atmosphere containing more than 4 per cent, of sulphur 
dioxid, whereas it is theoretically possible to charge a con- 
fined space with a high percentage of the gas by means of 
the ftunace. In practice this is not possible without burning 
a great excess of sulphur and by expending a very long 
time to accomplish the end. The fumes first entering dif- 
fuse with the air, and as the gas continues to flow into 
the space, it displaces about an equal quantity of this mix- 
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ture of sulphur dioxid and air, so that, as a matter of fact, 
in actual practice only about 2.5 to 6 per cent, of the gas 
is obtained in the holds of vessels by the sulphur furnace. 
It is therefore considered advisable, in using the sulphur 
furnace, to arrange the opening of the pipe admitting the 
gas into the room as near the floor as possible. In disinfect- 
ing the holds of vessels the pipe is usually let down the hatch- 

FiG. 44. 




End View — Sulphur Furnace. 



way until it is near the bilge. The heavy gas collects at the 
bottom and gradually ascends, displacing the air, so that it 
is important to allow an opening of some sort for the exit 
of the air near the top of the compartment being disinfected. 
This opening should not be closed until the gas escapes freely, 
when all is to be made tight, excepting the hose conducting 
the sulphur dioxid. 
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The sulphur furnace consists of an iron sulphur pan in 
which the element is burned. Under this pan is a fire-box, 
with ash-pit and necessary draft. The fire-box is designed 
to hold a light fire of wood or shavings, and is intended to 
heat the sulphur pan sufficiently to ignite the sulphur when 
thrown upon it at the beginning of the operation. This part 
of the apparatus is entirely unnecessary, for the sulphur 
may be ignited more simply by means of some alcohol, a few 




Longitudinal Section through Sulphur Furnace. 



live coals, or by a red-hot spike. When once lighted, there 
is no trouble in keeping the sulphur burning. 

The air enters at A (Fig. 45) through a valve arranged to 
regulate the amount of flow. It then passes over the burn- 
ing sulphur in the direction shown by the course of the arrows 
to the fan. The fumes are compelled to take a devious 
course around the baffle-plates and angle irons, as shown 
in the drawing, in order to insure the complete combustion 
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of the oxygen of the air. The angle irons also act as spark-" 
arresters. From B the fumes are sucked to the fan, which 
is actuated by a steam-engine or electric motor, and which 
forces the gas through the pipes to the space to be disin- 
fected. 

In using the furnace, care must be taken not to run the 
fan at too high a speed, in which case the oxygen of the air 
will not all be converted into sulphur dioxid, and further- 
more the strong current will carry over a quantity of uncon- 
sumed sulphur in a state of fine division. Running the fan 
at too high a speed also causes overheating of the pipes, 
or the carrying over of sparks of burning sulphur^ thereby 
rendering possible accidents from fire. 

The pipe conducting the fumes from the sulphur furnace 
to the compartment to be disinfected gives a great deal of 
trouble. It is apt to become clogged with the sulphur which 
sublimes in the cooler portions, and unless special care is 
taken the heat generated is sufficient to bum out and de- 
stroy the materials of which the pipe is constructed. Ordin- 
arily this pipe must be 6 to 8 inches in diameter. Rubber 
hose of this size is not only very costly and heavy, but the 
sulphur soon vulcanizes the rubber, rendering it brittle and 
useless. A good pipe for this purpose may be made of light 
galvanized iron sections 2 or 3 feet long, joined with copper 
wire to take the strain, and the joint made tight with several 
layers of canvas, saturated and coated with some fire-proof 
paint.* 

No arrangement is made in this form of apparatus for 
adding watery vapor to the sulphur fumes, which is neces- 
sary to obtain the maximum disinfecting power of the gas. 



* See the article on this subject in the Annual Report of the Marine Hospital 
Service for 1897, page 269, by the author. 
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It is therefore necessary, in dry weather, to add a sufficient 
quantity of vapor, preferably by means of a steam jet. The 
air should be saturated. The holds of wooden vessels, in 
which sulphur fumigation is such a useful disinfecting pro- 
cess, are usually so damp that the addition of more moisture 
is not necessary. 

The portable sulphur furnace depicted in the accompanying 
illustration is a very useful apparatus in municipal work, 
particularly for the treatment of sewers, warehouses, stables, 
bams, grain elevators, and similar large rough structures 
which are infested with vermin. This form of ftunace was 
used with success in the fight against the rats in the sewers 
of San Francisco, on account of the plague. It simply con- 
sists of the sulphur furnace described above, placed upon a 
truck, so that it can readily be hauled from place to place. 
With this apparatus the sulphur dioxid can be forced into 
out-of-the-way places inaccessible to the pot method. The 
truck is supplied with a small vertical boiler and steam- 
engine to actuate the fan. 

Hydrocyanic acid (HCN) is used exten- 
Hydrocyanic sively in the disinfection of nursery, stock 
Acid. and greenhouses, as well as in flouring-mills 
against weevils, in railroad cars against bed- 
bugs, and in tobacco warehouses against insects in general. 
This gas is a fatal poison for all the forms of animal life. It 
is much less destructive to vegetable life. In other words, 
it is a very powerful insecticide, but a weak germicide. 
Against organisms no hardier than those of diphtheria and 
typhoid, it appears, according to Fulton,* to be effective. 



*J. S. Fulton, "American Medicine,'' May 11, 1901, p. 256. 
10 
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Like the other gaseous disinfectants, this substance pos- 
sesses no marked power of penetration. 

The extremely poisonous nature of hydrocyanic acid gas 
makes it necessary to exercise very great care in its em- 
ployment. In fact, the great danger attending its use for- 
bids its employment about the household. In practical 
disinfection it may occasionally find a place in the treatment 
of stables, granaries, outhouses, the holds of ships, and 
similar uninhabited places, particularly if infested with 
vermin. 

Hydrocyanic gas is lighter than air and has an agreeable, 
aromatic odor, quite familiar in the flavoring essence of bitter 
almonds. It is best generated by the action of dilute sul- 
phuric acid upon potassium cyanid, in the following pro- 
portions : 

Potassium cyanid, I.o 

Sulphuric acid, 1.5 

Water, 2.25 

The first step is to dilute the acid, which is best done by 
adding the acid to the water, in a vitrified clay jar or re- 
ceptacle capable of mthstanding the heat. The whole 
amount of the cyanid must be put into the acid at once, and 
as the evolution of the gas is very rapid, the operator must 
be ready to leave the spot immediately. As pointed out by 
Fulton, it is convenient to tie the cyanid up in a bag, which 
is lowered into the acid by a cord passing outside of the room. 
The amount of gas used for plant fumigation, expressed in 
terms of cyanid, is about i ounce, or 25 grams per 100 cubic 
feet. For room disinfection a greater amount is necessary. 

This gas has few advantages over sulphur dioxid in ridding 
a place of vermin, and its germicidal value is inferior to 
formaldehyd; and as its poisonous nature is such a serious 
drawback, it has a very limited place in practical disinfection. 
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Chlorin IS a germicide of considerable, but 
Chlorin. uncertain, power. It has little practical 

usefulness owing to its poisonous and de- 
structive action. Both in its free gaseous state and in its 
watery solution it has very powerful deodorizing proper- 
ties. In the free state moisture is necessary for its action. 
At best this gas is but a surface disinfectant. 

Chlorin (CI) is an extremely irritating gas, and great care 
must be observed in its employment, for the inhalation of 
very weak proportions of the gas produces serious irritation, 
resulting in spasm of the larynx, bronchitis, and even in 
death. Chlorin (sp. gr. 2.47) is heavier than air, and tends 
to fall; therefore the vessel generating the gas should be 
placed in an elevated position, in order to obtain anything 
like effective diffusion. Carpets, curtains, and fabrics gener- 
ally are injured by its action, and the element is a very 
active bleaching agent for all the organic pigments. 

The germicidal action of chlorin depends upon its great 
affinity for hydrogen. So strong is this affinity that it com- 
bines with the hydrogen of water in the presence of light, 
liberating the oxygen in its nascent state, thereby enabling 
it to exert its power against organic matter. Its value as 
a deodorant depends upon its power of decomposing the 
offensive gases of decomposition, such as sulphureted hydro- 
gen and the volatile ammoniacal compounds. 

In practice the most convenient method of generating 
the gas is by decomposing ij pounds of chlorid of lime with 
6 ounces of strong sulphuric acid. This produces sufficient 
gas for the disinfection of 1000 cubic feet of air space. Or, 
the gas may be generated from — 

Common salt, 8 ounces. 

Magnesium dioxid, 2 <* 

Sulphuric acid, 2 *' 

Water, 2 ** 
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and the strength required to destroy the causes of these 
processes. The first are antiseptics, the second are disin- 
fectants, or germicides. For instance, corrosive sublimate 
solution of the strength of i : 15,000 will prevent the growth 
and development of all bacteria. Even as weak a solution 
as I : 300,000 will prevent the growth and development of 
some bacteria; whereas it takes a solution of i : 1000 to de- 
stroy them in a short time. Formalin (40 per cent, formal- 
dehyd) will prevent the development of many bacteria in a 
solution of I : 50,000, while it requires a i per cent, solution 
to kill the germs and their spores. 

It is not enough, in applying any agent whose best working 
strength is known, to use a small volume of the solution of 
that particular strength. The substance itself must be used 
in such an amount that it shall be present throughout the 
whole mass in the proportion required. Thus, an agent 
that is effective in a 2 per cent, solution cannot be used in 
that strength to disinfect an equal volume of infected mate- 
rial, since the mixture would then contain but i per cent. 

Time is an essential factor too frequently disregarded in 
disinfecting with chemical solutions. Very few chemical dis- 
infectants act instantly, even in strong solutions and under 
favorable circumstances. The micro-organisms are so often 
in clusters, or are surrounded by mucoid films, or embedded 
in nitrogenous materials, that no inconsiderable time is 
required for the disinfecting solution to penetrate to the germ. 
If the microbes are dry, it takes a certain time to wet them 
before the chemical in solution can act. All these and other 
factors must be added to the time actually necessary for the 
chemical in solution to destroy the life of the germ after it 
comes in direct contact with the protoplasm of the cell. 

It therefore will not suffice to dip objects to be disinfected 
into cold solution, momentarily, as is so often done. If the 
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objects are mechanically clean they may be immersed until 
thoroughly wetted by the solution, and then hung up so 
that the disinfecting solution may dry, preferably in the 
sun. Otherwise they should be kept completely immersed 
a sufficient length of time, depending on the strength of 
solution, as stated under each chemical. Weak solutions, 
of course, take a longer time to act than strong solutions. 

The temperature so greatly influences their disinfecting 
power that it is strongly recommended always to use warm 
solutions in actual practice. Even slight changes of tem- 
perature make a great difference. Feeble antiseptic solu- 
tions become strong germicides when heated. A good in- 
stance of the effect of temperature is given by Heiden,* who 
found that anthrax spores which survived the effects of a 5 
per cent, carbolic acid solution for thirty-six days at room 
temperature were destroyed in half an hour in the same 
solution at 55° C. At 75° C. it took only three minutes to 
kill them; a 3 per cent, carbolic acid solution killed the same 
spores at this temperature in fifteen minutes, and a i per 
cent, solution in from two to two and a half hours. 

The medium in which the germs exist also makes a great 
difference so far as the power of a germicidal solution is con- 
cerned. Behring found, for example, that anthrax bacilli in 
water are killed in a few minutes with a sublimate solution 
of the strength of i : 500,000. In bouillon it required a 
strength of i : 40,000 ; while in blood-serum, if the disinfec- 
tion is to be accomplished in a few minutes, a strength of 
I : 2000 is not always sufficient. Therefore, in the presence 
of organic matter or filth, stronger solutions and longer 
exposures are required. 

The choice of the chemical selected depends, somewhat 

♦**Centralbl. fUr Bakt.," Bd. IX, 1891, p. 221 ; and " Archiv filr Hy- 
giene," Bd. XV, 1892. 
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upon the nature of the substance to be disinfected. For 
example, bichlorid of mercury is totally inapplicable to the 
disinfection of albuminous matter. Certain chemicals, too, 
have a particular power to destroy certain organisms, while 
they are relatively inert toward others. Taken altogether, 
therefore, the choice of the chemical, its strength and time of 
application, the temperature of the solution and its method 
of employment, are all problems which must be solved for 
each particular case. 

Chemical substances act in a great variety of ways to 
bring about the destruction of bacteria. It is impossible, as 
Munson states, to explain in many cases the manner in 
which disinfection is accomplished by chemical agents, any 
more than to say that the microbes are poisoned by the 
disinfectant. In particular instances this is accomplished 
by a union between the disinfectant and the protoplasm of 
the bacteria, as appears to be the case with corrosive sub- 
limate or formalin. In some instances the mycoprotein of 
the cell is coagulated, as in the case of carbolic acid and 
homologous substances. 

According to the newer chemical theories, there are found 
in watery solutions certain substances in the condition of 
electric dissociation. These substances are divided into 
electro-positive ( + ) and electro-negative ( — ) components 
— that is, **ions." The higher the grade of this dissociation, 
the greater is the disinfecting power of the solution. In 
the case of the soluble metallic salts, and especially mercury, 
it depends upon whether in the electrolytic dissociation 
the metal exists as an independent ion, or whether it exists 
as a complex ion. In the first case the solution has strong 
disinfecting properties, in the second these properties are 
much weaker. In other liquids, as for example alcohol, 
ether, etc., the metallic salts have very slight dissociation. 
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which according to Kronig and Paul explains the weaker 
disinfecting power of these solutions. The disinfecting power 
of metallic salts depends, furthermore, not only upon the 
specific influence of the metal ion, but also upon the other 
ions, and upon the unassociated parts of the metallic salts. 
The reaction of the solution and of the medium to be 
disinfected varies with the substance employed. Thus, 
lime is an alkali, and if used to disinfect an acid substance, 
enough must first be added to neutralize the medium, and 
then an additional amount of the lime must be added neces- 
sary to accomplish the disinfection. In the same way, if 
mercuric chlorid is added to solutions containing sulphids, 
caustic alkalies, or certain metalhc salts, sufficient must be 
added in order to first precipitate these substances and then 
enough more added to exert its disinfecting action. Like- 
wise, the greater the number of germs to be destroyed, the 
greater the amount of disinfectant required to accomplish 
the purpose. 

There are various ways of applying chemi- 

Methods of ^^^ solutions for disinfecting purposes. No 

Using method is trustworthy that does not thor- 

Chemical oughly wet the object with the solution so 

Solutions, that there may be direct contact between 

the substance in solution and the contagious 
principle against which the process is directed. 

As a rule this may best be accomplished by immersing the 
infected object in the solution. When this is not practicable, 
the solution must be applied to the object. A favorite way 
of applying disinfecting solutions to surfaces, such as walls, 
ceilings, the holds of ships, and other rough structures, is by 
means of a hose. The pressure is supplied either by elevati^ 
the tank containing the solution or by means of a pres 
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pump. As bichlorid of mercury is practically the only dis- 
infectant used in this way, the pump should be made of iron 
and have no copper, brass, or steel parts exposed to the cor- 
roding action of the solution. 

In applying the disinfecting solution to the surfaces of 
a room or the hold of a ship the operator should begin at one 
comer of the ceiling, wetting that first, and then go over 

Fig. 50. 



every portion of the walls systematically, from above down- 
ward. The floor comes last. 

Solutions thus applied remain but a short time in contact 
with the surfaces to be disinfected. It is therefore an ad- 
vantage to have the solution hot and strong, and to have 
sufficient pressure in order to obtain the mechanical effect 
produced by a vigorous stream. 
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A good way of applyii^ dismfectii^ solutions to suifaces 
is by means of mops, brooms, and tlie like, for we add the 
mechanical action to the power of the germicide. 

The pulverizer is very popular in France for the disinfec- 
tion of walls and other surfaces with solutions of bicblorid 
of mercury. The apparatus for this purpose consists of a 

Fig. 51. 



metal cylinder fitted with a simple force pump which com- 
presses the air in the reservoir. The solution does not 
come in contact with the pump. The current of air driven 
through the one tube sucks the solution through the other, 
and sprat's it from the nozle in a nebulous cloud, similar in 
principle to the well-known hand atomizers. 

It is easy to demonstrate, by using a colored solution upon 
a white wall or sheet, that a liquid sprayed in this way does 
not wet the entire surface. The method is therefore an un- 
scientific and unreliable one when used with a non-volatile 
chemical. 
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The pulverizer, as used by the disinfecting corps in Paris for 
the treatment of walls and other surfaces with a fine spray of 
bichlorid of mercury solution, is shown in the accompanying 
illustrations. 

Fio. 52. 



The suits of the operator are made of canvas and are taken 
off in the room at the completion of the process, and placed 
in the bag with the other articles for steam disinfection. 

Bichlorid of mercury or mercuric chlorid, 

Bichlorid of commonly called corrosive sublimate, is one 

Mebcurv. of our most valuable and potent germicides. 

It destroys aU forms of microbial Ufe in 
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relatively weak solutions. It kills both the germs and their 
spores, and therefore can be used as a disinfectant against 
all the known forms of infection. It is not a deodorant. 

The disadvantages of bichlorid of mercury are that it cor- 
rodes metals, forms insoluble and inert compounds with 
albuminous matter, and is very poisonous. These disad- 
vantages place distinct limitations upon its use. 

Mercuric chlorid (HgCl,) is a white, crystalline mass, of 
heavy specific gravity — 5.43. It volatilizes somewhat more 
readily than mercurous chlorid (calomel) even at room tem- 
perature. On account of this property caution must be 
observed in using bichlorid solutions about living rooms, 
some instances of poisoning having been traced to this use. 
It is therefore well to follow the bichlorid with clear water, 
and a mechanical cleansing is always in order. 

Bichlorid of mercury will dissolve in 16 parts of cold water 
and 3 parts of boiling water. As it is soluble with much dif- 
ficulty in water, it is convenient to keep a saturated alco- 
holic solution on hand, and use this to make the watery 
solutions. A 25 per cent, solution may readily be made in 
alcohol, and by the addition of hydrochloric acid or am- 
monium chlorid will keep indefinitely. This would be rather 
expensive for making up the large quantities required in 
flushing the holds of ships or other extensive surfaces. 

The solution may be facilitated by a little device pointed 
out by Geddings. The correct quantity of the bichlorid is 
weighed out and placed in a canvas bag which is hung over 
the faucet so that the water will run through it into the tank 
or receptacle holding the solution. If this method is not 
convenient, the bichlorid must be pounded to a powder and 
care must be exercised that it is all dissolved before using. 
The solution of bichlorid is facilitated by the presence of 
hydrochloric acid, or a chlorid, such as ammonium chlorid 
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or common salt. Twice the quantity of these substances 
to the quantity of bichlorid used is added. If the solution 
is to be pumped or otherwise come in contact with metals, 
it is better to use the chlorids than the acid, because the add 
solution of bichlorid is very destructive to the metal parts 
of the pump, and to the couplings and nozle of the hose, 
particularly if made of copper or brass. 

Sea-water contains about 4 per cent, of salt, and is well 
suited for making bichlorid solutions. It is extensively 
used at the seaport quarantine stations for this purpose. 

La Place first pointed out that the addition of a small 
amount of an acid to the solution of bichlorid of mercury 
greatly increases its efficiency, and by lessening the formation 
of insoluble albuminates also increases its power of penetra- 
tion. This has latterly been denied by Kronig and Paul,* 
who assert that the addition of sodium chlorid to watery solu- 
tions of bichlorid diminishes its power. They found that 
potassium chlorid or hydrochloric acid has the same effect. 

The germicidal action of bichlorid solutions seems to de- 
pend upon the reaction that takes place between the bi- 
chlorid in solution and the mycoprotein of the germ. This 
reaction is a chemical one, and of course requires direct 
contact between the albuminous matter of the germ and the 
bichlorid of mercury in solution, as well as a certain time 
and concentration to effectually destroy the life and viru- 
lence of the cell. Geppert f has shown that in the reaction 
that takes place between bichlorid of mercury and the spores 
of anthrax, the vitality of the latter may seem to be lost, 
but that the bichlorid may be precipitated from its com- 



* ** Zeitschr. f. physik. Chem./' Bd. xxi, 1896, p. 449 ; and ** Zeitschr. f. 
Hygiene," Bd. xxv, 1897, p. 65. 

t"Berl. klin. Wochenschr.," 1889, No. 36; and "Deutsch. med. 
Wochcnschr,,'* 1891, No. 37. 
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bination by the action of ammonium sulphid, which re- 
stores the vitality of the spore. 

Like a great number of chemical reactions, the combina- 
tion of the bichlorid solution with the germ protoplasm is 
very much hastened by the aid of heat. The action of the 
moist heat itself plus the effect of the bichlorid makes hot 
solutions of this chemical a very powerful germicidal agent. 

Bichlorid of mercury is decomposed by lead, tin, copper, 
and other metals. It therefore should not be made or kept 
in metal receptacles. Lead pipes are rendered brittle and 
worthless by passing this solution through them. Care 
must therefore be exercised in using this substance about 
water-closets and plumbing. 

On account of the property that this substance has of 
uniting with albuminous matter to form insoluble and inert 
compounds, it cannot be used for the disinfection of media 
containing much organic matter. It is totally inapplicable 
to the disinfection of sputum, excreta, and the like, for it 
forms a coagulum which prevents the further penetration 
of the bichlorid. It also unites chemically with the sulphids 
and the caustic alkalies, so that it should not be employed 
as a disinfectant when these substances are present in any 
considerable amount. If it is used, enough of the bichlorid 
must first be added to precipitate these chemical substances 
and then a sufiicient additional quantity so that the bichlorid 
of mercury will be present in the desired proportion. 

To diminish the danger from accidents bichlorid solutions 
in households and hospitals should be colored with perman- 
ganate of potash, or indigo, or one of the anilin dyes. 

The germicidal power of bichlorid of mercury has been very 

carefully studied in many laboratories, so that we are in 

possession of definite knowledge as to the exact strength 

and time necessary to accomplish disinfection. 
II 
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A solution of i : 1000 is ample for the destruction of all 
the non-spore-bearing bacteria at the ordinary temperatures, 
provided the exposure is continued not less than half an 
hour. Many bacterial cells are killed at once when brought 
in direct contact with a solution of this strength, and the 
great majority are destroyed within fifteen minutes; but the 
extra time as given allows for penetration, which is usually 
required in actual practice. 

Solutions of bichlorid of mercury of the strengths of i : 800 
and I : 500 are very strong germicides and wiU kill non- 
spore-bearing infections in a short time. 

For spores a solution of i : 500 is necessary and an expo- 
sure of one hour. 

Articles may be disinfected by immersing them in a solu- 
tion of I : 2000, provided that the exposure is not less than 
two hours. 

A strength of i : 1 5,000 is sufficient to prevent putrefaction 
and fermentation. 

Carbolic acid makes a very useful disin- 
Carbgi^ic fecting solution with a wide range of appli- 
Acid. cation. It should not be depended upon to 

kill spores. As it does not coagulate albu- 
minous matter as actively as corrosive sublimate, it may be 
used for the disinfection of soiled clothing and bedding, as 
well as for excreta and the like. However, it is not so 
trustworthy for these purposes as some of its homologues, 
such as tricresol or lysol. 

Carbolic acid is also known as phenic acid, phenol, phenyl 
alcohol, and coAl-tar creasote, and is represented by the 
chemical formula C,H,0 = C1H4OH. It is produced in 
the dry distillation of coal and is the chief constituent of 
the acid portion of coal-tar oil. Pure phenol crystallizes in 
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long, colorless needles. The commercial product forms a 
crystalline mass, which is apt to turn reddish in time, and in 
contact with moist air deliquesces to a brown liquid. Car- 
bolic acid has a penetrating odor, a strong burning taste, 
and is a corrosive poison. 

The carbolic acid of commerce contains impurities, such 
as the cresols and higher homologues, some of which have a 
higher germicidal value than pure carbolic acid itself. The 
commercial product also contains tar oils which are totally 
lacking in bactericidal properties. The cruder chemical 
containing these impurities has been shown to be superior 
to the highest grades of the refined acid, which is practically 
pure phenol. 

At ordinary temperatures carbolic acid is soluble in about 
15 parts of cold water — that is, a saturated solution contains 
between 6 and 7 per cent. It is commonly used in solutions 
of 3 to 5 per cent., which are entirely trustworthy for the 
destruction of all infectious processes due to non-spore- 
bearing organisms. 

The add dissolves in water with some difficulty; care 
should therefore be exercised to mix it thoroughly by agita- 
tion, preferably in warm water. 

It is not destructive to fabrics, colors, metals, or wood, 
in the strengths used, and therefore may be employed for 
the disinfection of a great variety of objects. The fact 
already mentioned that it does not actively coagulate albu- 
minous matters renders it suitable to the disinfection of 
urine, excreta, soiled linen, and the like. 

There has been much disparagement of carbolic acid lately 
because laboratory tests have clearly demonstrated that it 
cannot be depended upon to kill spores. This limits, but 
does not destroy its usefulness, for fortunately the great 
majority of the epidemic diseases of man are due to non- 
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spore-bearing bacteria. Carbolic acid should not be used 
to destroy the infection of tetanus, anthrax, malignant 
edema, and other diseases due to spore-bearing bacteria. 

A I per cent, carbolic acid solution or even a 2 per cent, 
solution has no certain effect upon anthrax spores. A 3 
per cent, solution requires seven days, a 4 per cent, solution 
three days, and a 5 per cent, solution two days to kill 
anthrax spores. These figures do not apply to all varieties 
of anthrax spores, for there are some, as v. Esmarch* found, 
that can withstand forty days' immersion in a 5 per cent, 
watery solution of the acid. Teuscher f reports a resisting 
variety of anthrax spore that was not killed after four and 
a half days' immersion in pure crystallized phenol, kept 
liquid in the incubator. 

Very much weaker solutions are effective for non-spore- 
bearing bacteria. For instance, the germs of cholera, 
plague, typhoid, diphtheria and erysipelas are killed, ac- 
cording to Behring, by one hour's immersion in a J per cent, 
solution, while a solution of i to ij per cent, will destroy 
these non-spore-bearing micro-organisms in one minute. 

In general practice carbolic acid is used in from 3 to 5 per 
cent, solutions, and an exposure of no less than half an hour. 
Clothing and fabrics require deep penetration, and are usually 
left in the solution one hour. 

Tricresol is about three times as powerful 
The CrESOLS. a disinfectant, bulk for bulk, as carbolic acid. 

A I per cent, solution is effective for all 
ordinary purposes. The presence of albuminous matter in 
fluids to be disinfected does not interfere to any serious ex- 
tent with its prompt and certain germicidal action. Tri- 

♦••Zeitschr. f. Hygiene," Bd. v, 1888. 
t**Zcitschr. f. Hygiene," Bd. IX, 1890, p. 510. 
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cresol has another advantage over carbolic acid in that it 
may be depended upon to kill spores. 

Tricresol consists of a mixture of ortho-, meta-, and para- 
cresol. Metacresol is a liquid, the other two are solid crys- 
talline bodies, having a low melting-point. These cresols 
are some of the impurities found in commercial carbolic acid. 
The cresol group forms the next higher homologue to phenol, 
one atom of hydrogen being replaced in the latter by the 
methyl radical, CHj. The cresols are not very soluble in 
-water, but solution may be brought about by the soaps or 
by cresol salts. 

The cresols accompany phenol in coal tar, from which 
they are obtained. Tricresol is a clear or pinkish-colored 
syrupy liquid. About a 2^ per cent, solution can be made 
of it in water. It is somewhat less poisonous than carbolic 
acid. Its uses are the same. It is commonly employed in 
a I per cent, solution. 

There are a number of other well-known preparations of 
the cresols now extensively used in surgical and hospital 
practice. The following from Harrington are given as trust- 
worthy disinfectants : 

Creolin contains lo per cent, of cresols and a small amount 
of phenol held in solution by soap. It is a dark brown, 
thick, alkaline liquid, and forms a turbid, whitish emulsion 
with water. It is at least equal, and perhaps superior, to 
phenol. 

Lysol contains about 50 per cent, of cresols, with neutral 
potash soap. It is a brown, oily liquid and mixes with 
water in all proportions, forming a soapy, frothy liquid. 
It is more powerful than phenol and ranks with tricresol as 
a germicide. 

Saprol: This liquid contains 20 per cent, of mineral oil 
and 80 per cent, of crude carbolic acid. It is lighter than 
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water, and when thrown into it diffuses over the surface in 
a thin layer, which gradually yields its active ingredients 
to the strata below, so that in the course of a day the water 
becomes impregnated to the extent of 0.34 per cent. It is 
superior as a general disinfectant and deodorant to carbolic 
acid. 

Solveol is a concentrated aqueous solution of the cresols 
with sodium cresotinate. It contains over 2^ per cent, of 
cresols. It is unirritating and much less toxic than carbolic 
acid. As a disinfectant it is the equal, if not the superior, 
of any of the cresol preparations. 

Solutol is a solution of about 60 per cent, of cresols in 
sodium cresol. Those who have tested this preparation 
claim for it superior germicidal powers to creolin, lysol, 
solveol, and phenol. 

Formalin is a very valuable disinfectant, 
Formalin with a wide range of usefulness in general 

Solutions, practice. This liquid is superior to bichlorid 

of mercury for many purposes, especially 
as its action is not retarded by the presence of albuminous 
matter. Formalin does not injure most articles, and it is 
not poisonous. It is a true deodorant. 

Formalin, also known as formol and under various other 
trade names, consists of a 40 per cent, solution of the sub- 
stance formaldehyd (CHOH) dissolved in water. Formal- 
dehyd is a gas at ordinary temperatures, and it must be 
condensed in order to obtain it in concentrated solution. 
Formalin, therefore, consists of a solution of one of the poly- 
meric forms of formaldehyd, especially paraformaldehyd. 
See page 87. 

The liquid is a clear solution, giving off an appreciable 
odor of formaldehyd gas. It is exceedingly irritating, but 
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not toxic. Formalin solutions are rather unstable. There 
is a constant loss by evaporation if the liquid is not kept 
well corked, and especially in cold weather the formaldehyd 
precipitates as a white substance, which consists of one of 
the polymeric forms of formaldehyd known as trioxymeth- 
ylene. Formalin usually contains lo per cent, of wood alco- 
hol, which increases the solubility and stability of the 
formaldehyd. 

Hot formalin attacks iron and steel, and therefore cannot 
be used for the disinfection of such objects. It does not 
attack copper, brass, nickel, zinc, and other metallic sub- 
stances. 

In causes no diminution in the strength of textile fabrics, 
and has no bleaching or other deleterious effects upon colors. 
Formalin solution renders leather, furs and skins brittle as 
a result of the union that takes place between the formal- 
dehyd and the organic matter of these articles, and they 
should therefore be disinfected by another process. 

The formalin as found upon the market is acid as a rule, 
due probably to formic acid. For this reason the solution 
is apt to spot the delicate colors of silks and fine stuffs. Even 
water wiU do this. Such articles should be disinfected with 
formaldehyd gas. 

A 4 per cent, solution of formalin (containing 40 per cent, 
formaldehyd) in water is about the equivalent of a i : 1000 
solution of bichlorid of mercury, or superior to a 5 per cent, 
solution of carbolic acid. 

It must be borne in mind that in speaking of a solution 
of formalin, a solution is meant of the liquid containing 40 
per cent, formaldehyd. That is to say, a i per cent, solution 
of formalin would contain that liquid in the proportion of 
I to 100, but would contain the substance formaldehyd in 
the proportion of i to 250. 

^ or - - 

u::ivekOity 

OF - 
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Feces are deodorized instantly by a 4 per cent, solution 
of formalin, and are rendered sterile at the end of ten minutes 
when mixed with an equal volume of a solution of this 
strength. 

According to Park and Guerard, a 3 per cent, solution 
will kill anthrax spores in fifteen minutes ; a i per cent, solu- 
tion will kill all other germs in one hour, and most germs 
in thirty minutes. 

There is some discrepancy as to the percentage of formalin 
solution necessary to accomplish trustworthy disinfection in 
general practice. Taking into account the deterioration of 
the solution with age, and allowing an excess as an element 
of safety, it is recommended to use a 5 per cent, solution for 
the purposes of general disinfection. 

Formalin is very useful for the disinfection of urine, ex- 
creta, sputum, and other albuminous matters. It combines 
with, but does not coagulate, the albuminous matter, and 
penetrates deeply. 

Formalin is a true deodorant. It does not mask one 
smell with another, but unites with the albuminous matter 
to form new compounds that are both odorless and sterile. 

On account of the non-toxic properties of formalin it may 
be used to disinfect certain kinds of food products. At 
quarantine stations large quantities of bulbs, roots, nuts, 
fruit, and similar articles coming from plague- or cholera- 
infected regions are disinfected by immersion in a 5 per cent, 
solution of formalin. This treatment does not injure their 
food value. Bulbs, roots, and fruit treated by this method 
will keep from rotting a much longer time than those not 
treated. 

There is a great difference between the antiseptic and the 
germicidal value of formalin. That is to say, a very minute 
amount — i in 25,000 or 50,000 — is sufficient to inhibit the 
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growth and development of bacteria, whereas it requires 
a I to 4 per cent, solution to kill bacteria in a short time. 
A very minute trace added to milk or wine or other fluids 
will preserve them a long time from spoiling. 

Potassium permanganate is a germicide 

Potassium of undoubted power, but of very limited 

Per- application in general practice, on account 

MANGANATE. of the rcadiucss with which it is reduced and 

rendered inert by organic matter. Even in 
weak solutions it destroys micro-organisms of high resistance, 
and despite its limitations it ranks high on the list of dis- 
infectants for certain definite purposes, more particularly 
in surgical practice and for the purification of water. 

Potassium permanganate (K^MUgOg) is a dark purple, 
crystalline substance, with a sweet astringent taste. A few 
crystals impart to a large quantity of water a rich purple 
tint, which is destroyed by organic matter and deoxidizing 
agents. It is soluble in i6 parts of cold and 2 parts of boil- 
ing water. The stains produced by potassium perman- 
ganate may be removed by a solution of oxalic acid, muriatic 
acid, or simple lemon juice. 

Potassium permanganate readily gives up its available 
oxygen in contact with organic matter or oxidizable mineral 
substances, and it is the free nascent oxygen that is the 
true disinfecting agent. Unfortunately, as pointed out by 
Harrington, for its use as a general disinfectant a small 
amount of organic matter requires a very large amount of 
the salt for its complete oxidation. Thus, i ounce of liquid 
feces or of urine can reduce such an amount that it is esti- 
mated that the sterilization of the total twenty-four hours' 
excreta of one person would cost five dollars. 

Sternberg found a solution of 1 : 833 sufficient to kill pus 
12 
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cocci in two hours. Koch found that a 5 per cent, solution 
killed spores in one day. I/>effler found the bacillus of 
glanders destroyed in two minutes by a i per cent, solution. 

Kronig and Paul * found that a i per cent, solution of 
potassium permanganate, with the addition of i per cent, 
hydrochloric acid, becomes an extraordinarily strong disin- 
fecting solution. Resistant anthrax spores are killed in two 
minutes. According to these authors this solution is not 
equaled by a 5 per cent, sublimate solution. 

Water contaminated by organic matter may be purified 
and rendered palatable by adding drop by drop a solution 
of permanganate until the pink color of the water ceases 
to be destroyed after the lapse of twenty-four hours. The 
clear liquid may then be decanted and used. 

On shipboard, in wells, and other places where there is a 
limited amount of water suspected of being infected with 
cholera, typhoid, or dysentery, enough of the permanganate 
is sometimes added to give the water a slight tinge of color. 
This method of purifying the water, which is in rather com- 
mon use in certain parts of the world, cannot be compared 
in efl&ciency with boiling. The strong solution may be used 
to disinfect the water-tanks and casks themselves. 

The toxicology of potassium permanganate is important on 
account of its use in drinking water. Internally 8 to 10 grains 
have been taken, without injury, in a very dilute solution. 
Two grains have produced symptoms of an irritant poison. 

Lime, or quicklime, is a very caustic sub- 

LiMB. stance, useful for the destruction of organic 

matter as well as germ life. On account of 

its efficiency and cheapness it is a valuable addition to the 

list of practical disinfectants. 

* •« Zeitschr. f. Hygiene," Bd. xxv, 1897, p. 89. 
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Lime, or calcium oxid (CaO), also known as quicklime, 
is one of the alkaline earths. It is not so caustic as the alka> 
lies, having a less affinity for water. It is obtained by cal- 
cining native calcium carbonate (CaCO,), such as chalk, 
limestone, or marble, by which the carbon dioxid is given 
off and the calcium oxid (lime) remains behind. 

Slaked lime, or calcium hydrate (Ca(OH)j), is prepared 
by adding one pint of water to two pounds of lime. The 
lime absorbs about half its weight of water. The mass 
becomes heated and the air escapes from the pores of the lime 
with a hissing noise. The result is calcium hydrate or slaked 
lime. Exposed to the air, the slaked lime will absorb still 
more water and also carbon dioxid, converting it into cal- 
cium carbonate, which is inert so far as its disinfecting power 
is concerned. Freshly slaked lime should therefore always 
be used. 

Whitewash is slaked lime mixed with water. It is com- 
monly used for the disinfection, sweetening, and brightening 
of the walls of cellars, rooms, barracks, bams, stables, poul- 
try houses, and out-buildings generally. Whitewashing is 
a satisfactory method of destroying disease germs that may 
have lodged upon such surfaces. 

Milk of lime is slaked lime mixed with about four times 
its volume of water, to the consistency of a thick cream. 
It is useful in the disinfection of excreta and privy vaults. 
Air-slaked lime must not be used in the preparation of white- 
wash or the milk of lime, freshly slaked lime being necessary 
to accomplish disinfection. Calcium hydrate is insoluble 
and settles to the bottom ; the milk of lime must therefore 
be agitated to restore its homogeneous character before it is 
used. Milk of lime is most powerful when freshly pre- 
pared. In contact with the air it changes to the inert 
carbonate, and should therefore not be used if more than 



X66 DISINFECTION AND DISINFECTANTS. 

a few days old, unless carefully protected from contact with 
the air. 

The researches of numerous scientists, though differing 
somewhat in certain unimportant particulars, have con- 
firmed the conclusions of the earlier investigators as to the 
great practical value of lime as a germicide. Liborius* 
demonstrated the value of lime in the destruction of the 
bacteria of typhoid fever and cholera. He found that lime- 
water containing 0.0074 per cent, destroyed the former in 
a few hours, and lime-water containing 0.0246 per cent, de- 
stroyed the latter in the same time. Cholera bouillon cul- 
tures, containing numerous coagula of albumin, such as would 
be present in cholera discharges, were completely disinfected 
within the course of a few hours by 0.40 per cent, of pure 
lime or 2 per cent, of ordinary crude lime. He recommended 
the employment of the pure dry powder or of milk of lime 
containing 20 per cent, of crude lime. Similar favorable 
results have been obtained by many other workers. 

Lime is particularly valuable in the disinfection of excreta. 
The lime in one form or another must be well incorporated 
with the mass, and enough must always be added in order 
to make the reaction of the mixture distinctly alkaline. 
Sternberg recommends the freshly prepared milk of lime 
containing about i part by weight of hydrate of lime to 8 
parts of water. This should be used freshly prepared and 
added in quantity equal in amount to the material to be 
disinfected. The mixture should be allowed to stand at 
least two hours before final disposal. 

Fortunately, this valuable disinfecting agent is very cheap, 
so that it can be used with a liberal hand in excess of the 
amount which scientific tests find necessary. 

* **Zeitschr. f. Hygiene,*' ii, p. 25, quoted by Harriogton, p. 504. 
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Lime has been used in very early times in connection with 
the disposal of the dead. The method is an admirable one for 
the burial and disinfection of bodies dead from a contagious 
or infectious disease. The body should be surrounded, in 
a tight coffin, with twice its weight of fresh unslaked lime, 
without the addition of water or moisture in any form. 

Chlorinated lime was used as a disin- 
Chlorinathd fcctant and deodorant long before bacteri- 
IjiMU — ology was a science. The work of Sternberg 
"Chloridb of ably proved that the confidence placed in 
Lime.' ^his substance from an empiric standpoint 
is justified by scientific tests. Chlorinated 
lime ranks about with unslaked lime in power and value as 
a germicide, and has about the same uses in practical dis- 
infection. 

Chlorinated lime, popularly miscalled "chloride of lime/' 
is a soft, white, friable substance, and is known also as 
bleaching powder. It has a peculiar chemical composition 
and is somewhat unstable. Owing to its affinity for mois- 
ture, which it slowly absorbs from the air, it becomes pasty 
and loses some of its chlorin. Freshly prepared chlorinated 
lime should have a very slight odor of free chlorin. A strong 
odor of this gas indicates that decomposition of the sub- 
stance is taking place, and the loss of chlorin sensibly di- 
minishes its disinfecting power. It should therefore only be 
used when freshly prepared, or when kept in air-tight recep- 
tacles. 

Chlorinated lime is made by passing nascent chlorin gas 
over moist calcium hydrate (unslaked lime). Concerning 
its exact chemical composition there is some disagreement. 
It is represented by the formula CaOClj, or ClCaOCl, or 
Ca(C10)CI. According to the United States Pharmacopeia 
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it should contain not less than 35 per cent, of available 
chlorin. The British standard is 33 per cent., and the Ger- 
man 25 per cent. 

It is very insoluble in water ; only about a i per cent, solu- 
tion can be made. 

The solution has an indefinite composition, but is gener 
ally admitted to contain calcium hypochlorite (CaQCaClOg), 
which is its principal disinfecting constituent; calcium chlo- 
rid (CaClj), which has a great affinity for water, and calcium 
hydrate, Ca(OH)j, which is largely insoluble. The calcium 
hypochlorite, upon which the efficiency of the solution 
largely depends, is readily broken up, even by the carbon 
dioxid found in the air and water, into hyperchlorous acid, 
and this acid is so unstable that even in the presence of light 
it is decomposed into hydrochloric acid and free chlorin, both 
of which are active germicides. The solution is highly alka- 
line and has feeble bleaching powers. 

Its action as a deodorant depends not only upon its de- 
structive influence upon organic matter and its germicidal 
properties, but also upon its great affinity for water, thus 
acting as a desiccant ; as well as upon its power of combining 
with hydrogen sulphid and the volatile ammoniacal com- 
pounds of decomposition and decay. 

Chlorinated lime not only bleaches, but is destructive 
to fabrics. If the solution is employed for the disinfection 
of infected bed linen and washable clothing these articles 
must, after a not too long immersion, be most thoroughly 
washed in plenty of fresh water. A solution known as the 
** American Standard," containing 6 ounces of the powder 
to the gallon, is largely used for the disinfection of discharges 
and for the scrubbing of floors and other woodwork. 

The chlorinated lime may be used either as a dry powder 
or in solution. As a dry powder it is very generally used by 
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Strewing it in damp comers of cellars, privies, and similar 
places, where it acts as a deodorant and desiccant. The dry 
substance may also be used to disinfect excreta. For this pur- 
pose enough of the chlorinated lime must be added and well 
incorporated with the mass to make a 4 per cent, solution. 

In the United States Army a 4 per cent, strength of chlor- 
inated lime in solution is officially prescribed for use in the 
disinfection of the excreta of the sick, it being specially 
stated that the chlorinated lime so used should be of good 
quality and not have undergone decomposition. 

Chamberland and Fembach * advise that the solution of 
chlorinated lime be made by covering one part of the bleach- 
ing powder with an equal amount of water; After standing 
an hour the mixture is filtered and a greenish-yellow liquid 
obtained. One part of this solution is added to ten times 
its volume of water, for application to the surfaces to be 
disinfected. As a result of their investigations it is claimed 
that for purposes of disinfection this weak solution is fully 
as efficacious as a stronger one. If possible, the solution 
should be applied hot, and the room which is being disin- 
fected should also have its temperature elevated. 

Calcium hypochlorite (CaClOj) is one of 

The Hypo- ^^^ disinfecting substances found in the 

CHLORITES — aqueous solution of chlorinated lime, and it 

Labarraque's has just the same uses as that solution. 

Solution. According to Reed, calcium hypochlorite 

must have a chlorin strength of 0.25 per 

cent., otherwise it cannot be relied upon as a disinfectant. 

Labarraque's solution is an aqueous solution of several 

chlorin compounds of sodium, chiefly sodium hypochlorite 

* Munson, " Military Hygiene,'' p. 780. 
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(NaClO) and sodium chlorid (NaCl), and should contain at 
least 2.6 per cent, by weight of available chlorin. The solu- 
tion is clear and colorless when pure. If prepared with an 
excess of chlorin it is yellowish in color. It has a feeble 
odor of chlorin and bleaches indigo, litmus, and vegetable 
dyes like chlorin gas, but less energetically. 

Its germicidal properties depend upon the liberation of 
the chlorin set free by the decomposition of the sodium 
hypochlorite. 

In practice this solution diluted with water (i to 4) is 
mainly used for the disinfection of the person, but as it is 
more expensive and somewhat less efficient than the solu- 
tions of chlorinated lime, it has no advantages over that 
substance. 

Ferrous sulphate has long been valued 
Ferrous as a disinfectant on account of its power 
Sulphate, as a destroyer of bad odors, and has been 

extensively used, being a comparatively 
cheap substance. Its germicidal power has been shown by 
laboratory tests to be very feeble, even in strong solutions, 
so that it cannot be depended upon as a trustworthy dis- 
infectant. 

Ferrous sulphate, FeSO^, commonly called green vitriol, 
iron vitriol, or copperas, consists of large bluish-green 
crystals which slowly effloresce and oxidize in the air. It is 
soluble in about twice its weight of cold water. 

Miquel places its antiseptic power at i : 90. Sternberg 
found that in solutions of i : 200 it failed to prevent the 
development of micrococci, and of putrefactive bacteria in 
bouillon placed in the incubator over forty-eight hours. 
Leitz found that a 5 per cent, solution required three days' 
exposure for the destruction of the typhoid bacillus. Koch 
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found that a 5 per cent, solution failed to destroy anthrax 
spores in six days. 

Ferrous sulphate, therefore, judging from the evidence 
before us, has no claims to be considered a germicide, and 
has such feeble disinfecting powers that it cannot be de- 
pended upon to destroy the contagium, even of non-spore- 
bearing infections. 

At best, then, ferrous sulphate is limited in use to the 
destruction of the odors arising from fecal matter, and even 
for this purpose it is not always successful, for Foote * has 
shown that it sometimes makes a bad odor worse, through 
chemical action on organic compounds produced in the pro- 
cess of putrefaction. Munson points out the fact that it does 
not impair the fertilizing value of matter to which it is ap- 
plied. In practice he recommends 5 parts of the iron salt for 
each 100 parts of the total contents of the latrine vault as 
essential to efficiency. The salt must always be applied in 
solution, and thoroughly incorporated with the mass. In 
the French army ferrous sulphate is much used for the dis- 
infection of latrines in a 10 per cent, solution. It is officially 
laid down that at least 250 c.c. of such a solution should 
be used per day for each person using the latrine. 

Zinc chlorid was at one time highly valued 

Zinc as a disinfectant and is still extensively used, 

Chlorid. despite the fact that it stands rather low 

in the list of germicidal agents. It has even 
weaker powers as a disinfectant than ferrous sulphate, and 
cannot be recommended as trustworthy. It has some value 
as a deodorant. 

Chlorid of zinc, ZnCl, is a white, translucent; friable sub- 
stance, very soluble in water and very deliquescent. It is 



*" Amcr. Jour, of the Med. Sci.," xc, p. 329. 



173 DISINFECTION AND DISINFECTANTS. 

a strong dehydrating substance and removes oxygen and 
hydrogen from organic bodies in the form of water, which 
partly explains its action as a deodorant, as well as its e£fect 
upon germs. 

According to Miquel, it is antiseptic — that is, prevents 
the growth and multiplication of bacteria in the proportion 
of I : 526. Koch found that anthrax spores germinated 
after being immersed in a 5 per cent, solution for thirty days. 
Sternberg found that a solution of the strength of i : 200 
destroyed Micrococci pasteuri in two hours. 

Ordinary soaps have a limited disinfecting 
Soaps. power. According to Behring,* this depends 
upon their alkalinity; but Serafinit more 
correctly points out that the free alkali present, even in con- 
centrated soap solutions, is so small in amount that it can 
exert no jdisinfecting action whatever, and that neither the 
alkali nor the fatty acid, but the combination of the two, is 
the effective agent. 

Unfortunately, the disinfecting power of soap solutions 
is not marked enough to make them trustworthy disinfect- 
ants, despite their great value as detergents. The common 
commercial soaps, especially the colored soaps, are frequently 
of very poor quality, containing rosin instead of the fatty 
acids, and are not to be depended upon. The soft soaps 
should also be avoided on account of the presence of all the 
impurities of the fat and alkali from which they are made. 
There are other conditions which render the use of soaps 
uncertain, the chief of which is the hardness of the water. 

The laboratory experiments of numerous investigators 
have shown that soap solutions have a decided power to 

* *' 2>it5chr. f. Hygiene," Bd. ix, 1890, p. 414. 
t " Archiv f. Hygiene," xuii, 1899, p. 369. 
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destroy some of the less resistant forms of bacteria. It has 
also been shown that soap, even in strong solution and with 
prolonged exposure, cannot] be trusted to destroy the in- 
fection of typhoid fever, cholera, or the micrococci of sup- 
puration. The action of soap solutions is much influenced 
by the temperature, which is easy to understand when we 
recall the powerful action of hot water alone upon bacterial 
life. 

Therefore soaps alone cannot be depended upon for the 
certain disinfection of objects and clothing, but in solution 
with hot water as usually applied, and especially in con- 
junction with certain compatible chemicals, and also with 
the mechanical cleansing which almost always accompanies 
their application, this substance has a wide and varied use- 
fulness. 

Soap solutions should always be made with a soft water. 
The addition of one of the caustic alkalies, as lye,*increases 
its germicidal and detergent value. The solution should 
be strong, containing not less than lo per cent, of soap, and 
the water should be as hot as possible and applied with 
mops or brushes so as to aid the solvent action of the sub- 
stance upon the oleaginous and albuminous matter clinging 
to dirty surfaces or fabrics. 

Medicated soaps are for the most part a snare and a delu- 
sion so far as any increased germicidal action is concerned ; 
in fact, the addition of carbolic acid, bichlorid of mercury, 
and other substances which have the property of combining 
with the soap, seems actually to diminish the disinfecting 
value of that substance. As a rule a very small quantity of 
the disinfecting substance is added to the soap, and when 
it is called to mind what an exceedingly small quantity of 
soap is necessary for the ordinary washing of the skin, and 
the further dilution of this small amount by the water used, 
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it is easy to understand that medicated soaps, as ordinarily 
applied, cannot have an energetic disinfecting action. 

An exception seems to be the soap devised by McClintock,* 
in which the mercury salt exists unchanged and active. He 
found that the double iodid of mercury answers these pur- 
poses in the proportion of 0.5 to 2.0 per cent. A solution 
containing i per cent, of the soap was found by him to be 
fatal for pus cocci, cholera, diphtheria, and typhoid fever 
bacilli in one minute. The soap does not attack nickel, 
silver, aluminium, steel instruments, or lead pipes, and does 
not coagulate albumin. 

*'< Disinfection and Disinfectants," London, 1898, p. 347. Quoted by 
Harrington. 



CHAPTER IV. 

INSECTICIDES APPLIED TO DISINFECTION 
AGAINST THE INSECT-BORNE DISEASES. 

Arsenic — Petroleum — Bistdphid of Carbon — Pyrethrum — Sul- 
phur — Formaldehyd Gas — Hydrocyanic Add Gas — Danyz' 
Virus and Other Rat Poisons. 

Practically all the germicidal agents are also insecticides. 
There are some exceptions to this statement, notably for- 
maldehyd, which is one of our most potent germicides, 
but has little or no effect upon insect life. 

As the fly, mosquito, flea and other insects are known 
or suspected of conveying the infection of some of the 
communicable diseases, it is important that the disinfec- 
tor know how best to destroy this class of vermin. The 
general subject of protecting the individual against the 
bites, dangers and annoyances of mosquitos, flies, etc., 
and the subject of ridding a community of this dangerous 
class of vermin, although a very important one from an 
economic and hygienic standpoint, cannot be discussed in 
the limits of these pages. These questions belong more 
to the sanitarian than to the disinfector. Only those 
agents are considered which are useful to the disinfector 
in exterminating vermin in a room or building, in order 
to prevent the spread of disease. 

The mosquito is known to transmit the infection of 
several diseases. This insect is the intermediate host for 
the parasites of malaria, yellow fever and filariasis. The 

175 



176 DISINFECTION AND DISINFECTANTS. 

micro-organisms are taken into the stomach of the mosquito 
with the blood it sucks. From the stomach the parasites 
pass into the general body cavity or the glands of the 
mosquito, and are extruded again through the insect's 
proboscis under the skin of its victim. That is to say, 
the mosquito inoculates the infectious principles into 
the system just as we would experimentally inoculate an 
animal by means of a hypodermic syringe. 

On the contrary, the fly, ant, flea and other insects 
transmit the infection of disease in quite another way. 
For instance, flies spread the infection of typhoid fever, 
cholera, plague and anthrax smeared upon their legs and 
upon the external surfaces of their bodies. This is readily 
understood when we recall the habit of flies feeding upon 
and breeding in decomposed meat, dejecta and other 
matters apt to contain the infectious principles of the 
above-named diseases. 

The investigation of the Army Medical Commission 
during the Spanish-American war practically established 
the fact that the fly is an important factor in the dissemi- 
nation of typhoid fever. 

Victor Vaughan, a member of that commission, stated 
that flies undoubtedly served as carriers of typhoid in- 
fection, giving the following as reasons for his belief: 
"They swarmed over fecal matter in the latrines. They 
visited and fed on food prepared for the soldiers in the 
mess tents. In some instances, when lime had been 
recently sprinkled over the contents of latrines, flies with 
their feet whitened with lime were seen walking over the 
food. OflScers, whose mess tents were protected by means 
of screens, suffered less proportionately from typhoid fever 
than those whose tents were not so protected. Typhoid 
fever gradually disappeared in the fall of 1898, with the 
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approach of cold weather and the consequent disabling of 
the fly." 

It IS perfectly easy to understand how a fly, alighting 
upon the skin of a smallpox patient, and contaminating 
its legs, proboscis and body with the fluid exudate from the 
vesicles and pustules, may carry this highly infectious 
material to other persons in the same house or to neighbor- 
ing houses. 

Plies, fleas, ants and other insects spread the infectious 
principles of many communicable diseases in another way 
than simply this mechanical conveyance of the bacteria 
upon their external parts. These insects feed upon organic 
matter containing the infective principles, which live a 
variable length of time in their intestinal canals, and the 
Uve and virulent micro-organisms are deposited with the 
dejecta. In this way infection is transmitted from infected 
materials to man, from animals to man, and from man to 
man. 

It is believed that the biting insects, such as flies, fleas, 
ants, etc., do not inoculate the parasites under the skin 
when they bite. When this does occur, it is probably due 
to an accidental contamination of the mouth or biting 
parts of the insect with the infective germs. In other 
words, the transference seems to be mechanical. The 
insect does not act as an intermediate host, and the bac- 
teria do not pass through various phases of development 
in the insect, as is the case with the malarial parasite and 
the mosquito. 

The flies, fleas, ants, etc., deposit the infectious material 

' on the skin with their excrement, and in other ways. The 

virulent infection is rubbed into the little wounds or 

scratched into the skin as a result of the irritation caused 

by the bites, thereby setting up the disease. 

or THE '^ 

OF 
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For the reason that plague is transmitted through the 
agency of rats, a paragraph is introduced upon the means 
commonly employed to destroy these rodents. 

The arsenical compounds, according to 
Arsenic. Marlatt,* have supplanted practically all 

other substances as a food poison for biting 
insects. The two arsenicals in most common use and 
obtainable everywhere are Paris green and London pur- 
ple. Scheele's green and arsenite of copper are less 
known and less easily obtainable, but in some respects are 
better than the first-mentioned poisons, as will be shown 
later. The use of powdered white arsenic is not recom- 
mended on account of its corrosive action, as well as 
the fact that it is apt to be mistaken for harmless sub- 
stances. 

Paris green is a definite chemical compound of arsenic, 
copper, and acetic acid (known as the aceto-arsenite of 
copper), and should have a nearly uniform composition. 
It is a rather coarse powder, or, more properly speaking, 
crystal, and settles rapidly in water, which is its greatest fault 
so far as the making of suspensions of this substance is con- 
cerned. The cost of Paris green is about 20 cents per 
pound. 

Scheele*s green is similar to Paris green in color and differs 
from it only in lacking acetic acid ; in other words, it is simply 
arsenite of copper. It is a finer powder than Paris green, 
and therefore is more easily kept in suspension, and has the 
additional advantage of costing only half as much per 
pound. 

London purple is a waste product in the manufacture of 

* Fuiiiers' Bulletin No. 19, '' Important Insecticides,'' by C. L. Marlatt, 
1898, U. S. Dept of Agriculture. 
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anilin dyes, and contains a number of substances, chief 
among which are arsenic and lime. It is quite variable in 
the amount of arsenic it contains and therefore is not so 
effective as the green poisons. It comes in a fine powder 
and is more easily kept in suspension than Paris green. It 
costs about lo cents a pound. 

Arsenite of lead is prepared by combining, approximately, 
3 parts of the arsenite of soda with 7 parts of the acetate of 
lead (white sugar of lead) in water. These substances, when 
pulverized, unite readily and form a white precipitate, which 
is more easily kept suspended in water than any of the other 
arsenical poisons. Bought wholesale the acetate of lead 
costs about 7^ cents a pound, and the arsenite of soda costs 
about 7 cents a pound. Its use is advised where excessive 
strengths are desirable and upon delicate plants where other- 
wise scalding is likely to result. 

The arsenical poisons may be applied in one of three ways : 
(i) in suspension, as poisoned waters, mainly in the form of 
sprays; (2) as a dry powder blown or dusted about the 
infested areas; or (3) as poisoned bait. 

It must be remembered that the arsenicals are very poi- 
sonous, and should be so labeled, and care taken to prevent 
accidents. 

An average of one pound of either Paris green, Scheele's 
green, or London purple to 150 gallons of water is a good 
strength for general purposes in using the wet method. The 
powder should first be made up into a thin paste in a small 
quantity of water, and if the suspension is to be used upon 
plants, vegetables, or about foliage, an equal amount of 
quicklime should be added to take up the free arsenic and 
remove or lessen the danger of scalding. 

For the distribution of dry poison the arsenicals are di- 
luted with 10 parts of flour, lime, or dry gypsum. 
13 
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Petroleum, kerosene or coal oil is a very 

Petroleum, valuable insecticide, but of limited appli- 
cation, as it must be used in liquid form, 
its vapor being too inflammable for consideration in this 
connection. 

As a remedy for mosquitos kerosene has proved very 
effective when applied as recommended by L. O. Howard. 
It is employed to destroy the larvae of the mosquitos in 
pools, still ponds, stagnant water, water buckets, and other 
small collections of water not of value for their fish. In 
large bodies of water it is not nearly so effective, as the oil 
is blown about by the wind, thereby uncovering the greater 
portion of the surface. An apparatus devised by Dr. Doty 
is of use in distributing the petroleum over the surface of 
ponds. It consists of a wooden framework carrying the 
oil pipes which deliver the petroleum through many small 
openings projecting 6 inches or so below the surface of the 
water. The float is drawn over the pool while the petroleum 
is allowed to escape, thus coating the entire surface, and 
emulsifying some of the oil with the water, which intensifies 
its insecticidal action. 

The petroleum is applied at the rate of i ounce to 15 square 
feet of water surface. It forms a uniform film over the 
surface and destroys all forms of aquatic insect life, includ- 
ing the larvae of the mosquito and the adult females coming 
to the water to lay their eggs. The oil must be renewed 
every few weeks, depending upon the temperature and other 
circumstances. A light grade of fuel oil is recommended 
by Howard for this purpose. 

Petroleum is also useful against roaches, bedbugs, and 
other forms of insect vermin when used by direct applica- 
tion or by spraying either in the form of the pure oil or as 
an emulsion with water, soap, or milk. 
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Bisulphid of carbon (CS,) is a very effi- 

BisuLPHiD OF cient insecticide, but a dangerous one on 

Carbon. account of its inflammable and explosive 

nature. When pure it is a mobile, colorless 

liquid, with an agreeable ethereal odor; but often it has a 

more or less fetid odor from the presence of other volatile 

compounds. The liquid must be kept in well-stoppered 

bottles, in a cool place away from the light and fire. It 

evaporates very rapidly at the ordinary temperatures, so 

that in using this substance in a confined space it is sufii- 

cient to pour it into open pans and it will quickly pass into 

the air as a gas, in which state it is an efficient insecticide. 

It is very inflammable — more so than ether — and bums 

with a pale blue flame, yielding sulphur dioxid and carbon 

dioxid or monoxid. 

Upon the authority of Howard and Marlatt,* this sub- 
stance, distributed about a pantry or room in open vessels, 
will evaporate and if used in sufficient quantity will destroy 
roaches and other vermin. Unless the room can be very 
tightly sealed, however, the vapor dissipates so rapidly that 
its effects will be lost before the roaches are killed. 

In the use of this substance every precaution must be 
taken to see that there is no fire, lighted cigar, etc., in or 
about the premises during the treatment, on account of its 
inflammable and explosive nature. It is also deadly to 
the higher animals, so that apartments should be thoroughly 
aired after its use. 

According to Hinds,t shallow tin pans or plates make 
good evaporating dishes for carbon bisulphid. The larger 

* ** The Principal Housebold Insects of the United States," Bulletin No. 4, 
new series, revised edition, U. S. Dept. of Agriculture, 1896. 

t Farmers' Bulletin No. 145, U. S. Dept. of Agriculture, « Carbon Bi- 
sulphid as an Insecticide," by W. E. Hinds, 1902. 
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the evaporating area, the better. There should be about 
one square foot of evaporating surface to every twenty- 
five square feet of floor area, and each square foot of 
evaporating surface should receive from one-half to one 
pound of liquid. These figures are, of course, only sug- 
gestive and approximate. Pans should be placed as high 
in the room as possible, since the vapor is so heavy that 
it settles most heavily to the lower parts. Care should be 
taken, when placing the pans, to see that they are nearly 
level, so as to hold the liquid, though ordinarily no par- 
ticular harm will be done if some of it is spilled. It 
should not be found necessary to lose time in adjusting 
such things after the application is begun. 

If there are special places which are difiicult of access 
or treatment with the pans, cotton waste, bundles of rags, 
or the like may be saturated and thrown into these places. 

Everything should be done to avoid unnecessary delays 
and to facilitate the rapid exposure of the liquid. If the 
liquid is bought in large quantities, smaller receptacles 
may have to be provided for transferring it to the pans. 

Pyrethrum is a popular and much used 
PvRETHRUM. insecticide because it is comparatively cheap 

and non-poisonous to the higher animals, 
but unfortunately it is not very powerful for the destruc- 
tion of roaches, ants, mosquitos, bedbugs, fleas, flies, etc. 

Pyrethrum, also sold under the names of Buhach and 
Persian insect powder, or simply insect powder, is the flowers 
of the Chrysanthemum roseum and the Chrysanthemum 
cameum, both hardy perennials and resembling chamomile 
in appearance. 

According to Kalbrunner,* 4 grains of the pure powder 

*U. S. Disp., p. 1334. 
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sprinkled on a fly in a vial should stupefy it in one minute 
and kill it in two or three minutes. This is used as a test 
for the strength of pjrrethrum. 

It acts on insects externally through their breathing pores, 
and according to Marlatt,* is fatal to many forms of biting 
and sucking insects, being chiefly valuable against house- 
hold pests, such as roaches, flies, and ants. 

It is used either as a dry powder or by its burning fumes. 
As a dry powder it may be used pure or mixed with flour, in 
which form it should be puffed about the room, especially 
into the cracks. Against mosquitos the powder should be 
burned in the room, and if used in sufficient strength and 
for a sufficient length of time, it will kill many of these in- 
sects, but it cannot be depended upon for the destruction 
of mosquitos infected with yellow fever, for some of the 
insects are only stupefied. They must be gathered up and 
destroyed after the fumigation. 

The regulations of the United States army require the 
burning of five pounds of the pyrethrum powder for each 
1000 cubic feet of air space, for the destruction of mosquitos 
in confined spaces. 

Sulphur is one of the most valuable in- 
Sulphur, secticides we possess. It may be used in 

several forms. 
Sulphur dioxid gas produced and used according to the 
methods given for bacterial disinfection will kill roaches, 
bedbugs, mosquitos, flies, fleas, and all kinds of vermin, in- 
cluding rats and mice. This substance is therefore exceed- 
ingly useful in disinfecting for such diseases as plague, yellow 
fever, malaria, and insect-borne infections. 

* « Important Insecticides," Fanners* Bulletin No. 127, p. 15. 
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The methods of producing the gas by burning sulphur, 
or by liberating the liquefied sulphur dioxid, the time of 
exposure, and all important directions concerning the appli- 
cation of this substance to practical disinfection will be 
found on page 118. The time of exposure necessary to kill 
insects and vermin is shorter than that given for sulphur 
dioxid as a germicide. One hour is ample for mosquitos, 
and two hours for rats. 

Very dilute atmospheres of the gas will quickly kill mos- 
quitos. It is quite as efficacious for this purpose when dry 
as when moist, whereas the dry gas has practically no power 
against bacteria. Contrary to formaldehyd, it has surpris- 
ing powers of penetrating through clothing and fabrics, 
killing the mosquitos, even when hidden under eight layers of 
toweling, in one hour's time and with very dilute proportions. 

This substance, which has so long been disparaged as a 
disinfectant because it fails to kill spores, must now be con- 
sidered as holding the first rank in disinfection against insect- 
borne diseases. 

The flowers of sulphur is very efficient in its powdered 
state as an insecticide. It may be applied in several forms, 
the simplest of which is to merely sprinkle the dry sulphur 
about the places where the insects are found. The flowers 
of sulphur may also be advantageously combined with other 
insecticides, such as kerosene emulsion, resin wash, or a soap 
wash, mixing it first into a paste and then adding it to the 
spray tank in the proportion of from i to 2 pounds to 50 
gallons. 

The sulphur in its dry form must be directly applied to 
the places where the insects are found, and is used more 
for the destruction of the mites and rust of plants and fruit. 
It has but a limited use against bedbugs, ants, roaches, etc., 
and is practically useless against the winged insects. 
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Bisulphid of lime is a good liquid insecticide where a liquid 
is applicable. It may be very cheaply prepared by boiling 
together for an hour or more, in a small quantity of water, 
equal parts of the flowers of sulphur and stone lime. A 
convenient quantity is prepared by taking 5 pounds of sul- 
phur and 5 pounds of lime, and boiling in 3 or 4 gallons of 
water until the ingredients combine, forming a brownish 
liquid. This may be diluted to make 100 gallons of spray. 

Formaldehyd gas, while holding the front 

FoRMALDEHYD rank as a germicide, is a feeble insecticide. 

Gas. It seems to have no effect whatever upon 

roaches, bedbugs, and insects of this class, 

even after prolonged exposure to very high percentages of 

the gas. While very irritating, this substance is not toxic 

for the higher forms of animal life. (See page 87.) 

Mosquitos * may live in a very weak atmosphere of the 
gas overnight. It will kill them, however, if it is brought 
in direct contact in the strength and time prescribed for 
bacterial disinfection. For this purpose any of the accepted 
methods for evolving the gas is applicable, but the methods 
which liberate a large volume in a short time are more cer- 
tain than the slower ones. 

Direct contact between the insects and the gas is much 
more difficult to obtain in ordinary room disinfection against 
mosquitos than against germs, because the sense of self -pro- 
tection helps the former to escape from the effects of the 
irritating gas. They hide in the folds of towels, bedding, 
clothing, hangings, fabrics, and out-of-the-way places where 
the formaldehyd gas does not penetrate in sufficient strength 
to kill them. The gas is polymerized and deposited as para- 

* " Disinfection against Mosquitos,*' Rosenau, Laboratory Bulletin No. 6, 
Marine Hospital Serrice. 
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form in the meshes of fabrics, which prevents its penetration, 
and large quantities are lost by being absorbed by the organic 
matter of fabrics, especially woolens. In our tests, when- 
ever the insects were given favorable hiding-places, such as 
in crumpled paper or in toweling, they quickly took ad- 
vantage of the best place for themselves and often escaped 
destruction. 

There is a striking analogy between the strength of the gas 
and the time of exposure necessary to penetrate the fabrics 
in order to kill mosquitos, and the strength and time neces- 
sary to penetrate in order to kill the spores of bacteria. 

Mosquitos have a lively instinct in finding cracks or chinks 
where fresh air may be entering the room, or where the gas 
is so diluted that they escape destruction. They are able 
to escape through incredibly small openings. Some of the 
smaller varieties, such as the Stegomyia fasciata, can get 
through a wire screen having twelve meshes to the inch. 
Therefore, formaldehyd gas cannot be trusted to kill all the 
mosquitos in a room which cannot be tightly sealed. 

It is concluded that to succeed in killing all the mosquitos 
in a closed space with formaldehyd gas, the following definite' 
requirements are essential : A very large volume of the gas 
must be liberated quickly, so that it may difi'use to all por- 
tions of the space in sufficient concentration. The room 
must have all the cracks and chinks where the insects may 
breathe the fresh air carefull}'^ sealed by pasting strips of 
paper over them. The room must not contain heavy folds 
of drapery, clothing, bedding, or fabrics in heaps, or so 
disposed that the insects may hide away from the full efifects 
of the gas. 

For the methods of evolving formaldehyd gas, the quan- 
tities to be used, and other details of the process, see 
Chapter II. 
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Hydrocyanic gas is extremely poisonous 
Hydrocyanic to all forms of life. It kills roaches, bed- 

AciD Gas. bugs, mosquitos, fleas, flies, rats, and mice 

with great certainty and very quickly. It 
is much less poisonous to the vegetable forms of life, as has 
been discussed under the use of this gas as a germicide (page 
137). The gas is much used in greenhouses for the destruc- 
tion of insect pests, and for the scale insects and other para- 
sites of fruit trees. 

Hydrocyanic acid gas has a distinct place in the disinfec- 
tion of granaries, stables, ships, bams, outhouses, and other 
uninhabited structures infested with vermin. But it should 
not be used in the household, or any other inhabited build- 
ing, as the least carelessness with it would probably mean 
the loss of human life. 

For the methods of evolving the gas and other details 
see page 138. 

The ordinary methods of catching rats 
The ^y ^^^^ means as cats, dogs, ferrets, traps, 

Destruction poisoned bait, etc., are all useful in ridding 
o^ Rats on a locality of this rodent. 

Account in Glasgow, Japan, and other places where 

OF Plague, plague prevailed as an epidemic, thousands 

of rats, many of them infected with plague, 
were caught and disposed of, by the authorities offering a 
price upon their heads. Experience has shown that this 
reward must not be too large, else persons will breed the 
rodents as a paying investment. 

While the extermination of the rats in a city or a com- 
munity of considerable size may be a hopeless undertaking, 
their destruction on board an infected ship, in a stable, 
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granary, or other limited area, is quite possible, although 
it takes time, care, and much patience. 

The handling and final disposition of rats suffering with 
or dead of plague is a matter requiring special care in order 
to guard against the infection. According to Simond, the 
fleas transmit the infection from the rats to man. He states 
that the flea will not leave the rat for man as long as the 
body of the rat is warm. Therefore, in the handling of 
rats, whether dead or alive, the hands should be protected 
with gloves and other precautions taken to guard against 
the fleas. 

The bodies of the dead rats should be cremated at once, 
and all surfaces exposed to the infection disinfected with a 
bichlorid solution or carbolic acid. 

The rats on board a ship or in a confined structure may 
best be destroyed by sulphur fumigation. Careful search 
must be made for the dead bodies. This same substance is 
useful in destroying or in driving the rats out of a sewer, in 
fighting the infection of plague in municipalities. For this 
purpose the sulphur is burned in the sulphur furnace and 
the fumes are driven into the sewer by a centrifugal fan. 
(See page 127.) 

Rats may also be killed in a confined space by the use 
of other poisonous gases, such as hydrocyanic acid gas, 
carbon bisulphid, or even carbon dioxid. Formaldehyd 
gas cannot be trusted to destroy these animals. 

The methods of using hydrocyanic acid and carbon bi- 
sulphid have been given in another portion of this chapter. 
The carbon dioxid is evolved by simply burning charcoal 
in open fires, and taking care to close the room or hold of 
the vessel very tightly. 

The substance known as Danyz' virus is sometimes useful 
in helping to rid a locality of these rodents. This virus 
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consists of a culture of a bacillus belonging to the para colon 
group. It appears to be identical with* Bacillus typhi mu- 
rium of Loeffler. 

This organism is naturally pathogenic for mice, in which 
rodents it sometimes produces spontaneous epizootics. Its 
virulence has been raised and specialized by artificial means 
in the laboratory, so that it has become fatal for rats by 
ingestion. This artificial virulence is not very stable. It 
may be maintained under special conditions a few months, 
but the virulence is apt to fall oflF, especially on exposure to 
light and air. 

So far as rats are concerned, the effect depends somewhat 
on the amount ingested. Large amounts are frankly fatal. 
Small quantities are uncertain. Rats that survive the in- 
gestion of the virus are rendered immune. Such rats may 
eat large amounts of the virulent virus with no untoward 
effect. 

The infection caused in rats by eating the virus has feeble 
power of propagating itself from rat to rat. It, therefore, 
cannot produce a widespread epizootic among these rodents. 
In practical use it must be spread around so that as many of 
the rats as possible will eat it. 

In many respects it resembles a chemical poison, with 
this great advantage, viz., that it is harmless, so far as 
known, to man and domestic animals. It has the great 
disadvantage that chemical poisons do not possess, of render- 
ing the animals immune by the ingestion of amounts that are 
insufficient to kill, or by the ingestion of cultures that have 
lost a little of their virulence. 

In my experiments I succeeded in killing less than half 
the number (46 out of 115) of rats fed. The conditions in 
a cage are so much more favorable for the fatal action of the 
virus than could possibly be the case in nature that it is 
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safe to assert that a less number would succumb in a wild 
state. 

The virus may, therefore, be used as one of the means in 
the fight against rats, but it is far from being a sure means of 
exterminating these rodents in a particular place. 



CHAPTER V. 

DISINFECTION OF HOUSES, SHIPS, AND 

OBJECTS. 

The following objects, arranged alphabetically, are those 
commonly requiring treatment by the disinfector, and a 
brief outline of the special methods applicable to each object 
is given. The principles involved and the details of the 
methods are given in full in other portions of the book and 
are not repeated in this chapter. 

It is quite impossible to disinfect the air 
Air. of a room during its occupancy by the pa- 

tient. Any of the known volatile substances 
in sufficient concentration to kill the micro-organisms would 
make life unbearable. It is therefore absurd to place such 
substances as carbolic acid, chlorinated lime, or formalin 
in an open pan in the sick-room or the water-closet, with 
the idea that they are serving a useful purpose in disinfecting 
the atmosphere or in preventing the spread of infection. 

The infection of few, if any, of the communicable diseases 
is given off in the exhaled breath. The exhaled breath is 
always sterile no matter how many microbes may be con- 
tained in the inhaled air. That is, the process of respi- 
ration acts as a bacterial filter for the atmosphere. When 
the air becomes infected, it is usually in an indirect way. 
From smallpox and the exanthemata the infection is given 
oflF into the air from the patient mainly in the fine particles 

of epidermis that float about the compartment with the 

191 
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dust. From tuberculosis and diphtheria the infection may 
float into the air from the dried sputum. 

The atmosphere surrounding the patient may also become 
contaminated with the germs of tuberculosis, diphtheria, 
the pneumonic form of plague, and other diseases in which 
the infection is discharged from the body in the expecto- 
ration, by coughing, sneezing, speaking, etc. In these ex- 
plosive expiratory movements, a fine spray is thrown several 
feet from the mouth, and may be carried with the currents 
of the air to all portions of the room. 

The infection of some diseases is carried in the air, in 
the bodies of mosquitos, or on the bodies of flies, instead, as 
was formerly supposed, as a miasm or poison directly vitiat- 
ing the atmosphere. Malaria, which means bad air, is the 
type of these so-called '* miasmatic diseases.*' From this 
we may infer that fly screens and mosquito netting are more 
important in many sick-rooms than germicidal agents, as 
far as the dissemination of such infections through the air 
is concerned. 

In the cases where the infection is liable to contaminate 
the surrounding air, a thorough ventilation of the sick-room 
should be maintained. The infection disposed of in this 
way is generally lost by dilution, or killed by the sun. There 
is nothing equal to the open fireplace for the ventilation and 
purification of the air of the sick-room, for by this method 
the infection is not only carried away, but is destroyed by 
the heat of the fire in exit. 

Proper precautions must be taken at the bedside to pre- 
vent the infection leaving the body in a live and virulent 
form. These precautions differ for each class of infections 
and have been described under each disease in Chapter VI. 

The hanging of sheets wet with bichlorid of mercur}'^ or 
some disinfecting solution at the doorway serves a useful 
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purpose in arresting some of the infection that may be float- 
ing in the air, and thus limiting its dispersion. It must, 
however, be remembered that sheets, while serving a useful 
purpose, are not an absolute guarantee, for they dry out 
very quickly and it is difficult to make the sheet close the 
opening so that there will be no air currents around the 
edges, especially if the doorway is used for persons passing 
in and out. 

When a room has been badly infected and the air of the 
room is suspected, it should always be given a preliminary 
fumigation with one of the gases, which will diminish the 
probability of the infection spreading through the air, and 
will protect the operators who have to take up the carpets, 
or prepare the bedding and the other contents of the room 
for steaming or other process. 

Ambulances. See Carriages. 

Ballast. See Vessels. 

Bandages, gauze, etc., may be sterilized 

Bandages, by boiling, steaming, or dry heat, in any 

Gauze, etc. of the apparatus described under these 

processes. 

Articles of this character should always 
Bed Linen, be disinfected after contact with any of 
Body Linen, the communicable diseases, for they are 
ETC. very apt to be infected. This may readily 

be done by boiling, by steaming, or by im- 
mersion in one of the ordinary germicidal solutions. 

Care must be taken in boiling or steaming woolen under- 
clothing, because of their liability to shrink. 
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Special care is necessary in washing and disinfecting 
towels, sheets, underwear, and the like that are soiled with 
discharges, such as pus, blood, or excreta. If such articles 
are heated or boiled without special precautions being first 
taken, they will become indelibly stained, by the coagulation 
of the albuminous matter which becomes fixed in the fiber. 

In Germany, wash that is soiled is treated by the follow- 
ing process:* It is wrapped in a sheet wet with subli- 
mate solution, and this placed in a sack likewise moistened 
with a germicidal liquid. The sack is placed unopened in a 
solution containing 3 per cent, of soft soap and heated to 
50° C. for three hours, and left in the same solution forty- 
eight hours after it cools. If not soiled with albuminous 
matter the wash is immersed in a solution of bichlorid of 
mercury i : 2000, with the addition of common salt. After 
this preliminary disinfection, the articles are boiled half an 
hour in a water containing : 

Petroleum, 10 gm. 

Soft soap, 250 gm. 

Water, 30 liters. 

A simpler method is to disinfect the fabrics containing the 
stains in a 5 per cent, solution of formalin for two hours and 
then remove and wash in the usual way. 

Wooden and iron beds may be effectively 

Beds. disinfected by a mechanical cleansing with 

a hot disinfecting solution, such as bichlorid 

of mercury or carbolic acid. Care must be exercised not to 

overlook any of the joints or cracks, especially in wooden 

beds, which should be taken apart. 

^Levy and Klemperer, *' Klinische Bakter.,'* p. 434, Berlin, 1898. 
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A careful search should be made for bedbugs, which must 
be destroyed by use of the insecticide agents mentioned in 
Chapter IV. 

Mattresses and pillows are among the 
Bedding, most difficult objects to disinfect, on account 

of the deep penetration required. It is very 
important that they be thoroughly disinfected throughout 
their mass on account of the very intimate contact with the 
patient and the likelihood of their being deeply soiled with 
infected discharges. Therefore, nothing but steam should 
be trusted to render these objects safe. 

Bui<BS. See Food. 

Good brushes can be boiled or steamed 
Brushes, without injury, and this is the best method 

of disinfecting them. If boiled in a solu- 
tion containing soap, soda, borax, or one of the alkalies, 
the brush may be more readily cleansed of the collection 
of oleaginous matter and epithelial debris that collect about 
the bristles. 

Brushes made of poor bristles or with glued backs are 
injured by boiling. Such brushes must be mechanically 
cleansed in a soap or alkaline solution, and then soaked for 
an hour in corrosive sublimate i : looo, or carbolic acid 5 
per cent. A 3 to 5 per cent, solution of formalin will also 
answer. Or the brush may be cleansed and disinfected at 
the same time by mechanical washing in a i per cent, solu- 
tion of tricresol or lysol. The ordinary exposure to for- 
maldehyd gas cannot be trusted to render a brush safe. 

It is well known how difficult it is to sterilize brushes for 
use in the operating room. It is the best surgical practice 
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to Start with a new brush, which is thoroughly boiled each 
time and kept in one of the germicidal solutions. 

Brushes in hotels, public toilet rooms, railroad coaches, 
and other places, where they are used promiscuously by 
many persons, should be disinfected periodically to prevent 
them conveying ringworm and other skin infections. Brushes 
used by the barber should always be disinfected after using 
them on any customer having a diseased scalp, and they 
should be disinfected at the end of each day's work as a 
routine precaution. 

With the exception of their external sur- 
BooKS. faces, books cannot be disinfected in the 
bookcases or on the shelves of houses and 
libraries. However, if the books have not been handled 
or exposed to infection in any way except by their presence 
in the sick-room, there is no reason to consider any part of 
the book except the exposed surface infected. Such books 
may be rendered safe by exposing them to formaldehyd 
gas without first disturbing the books in any way. 

Books which have been handled by the patient, or which 
have been otherwise exposed to infection, require particular 
care in their disinfection, on account of the difficulty of pene- 
trating with any germicidal substance between the leaves. 

Books may be satisfactorily disinfected in a specially 
constructed chamber or in any small air-tight space, by 
means of formaldehyd gas. They must be arranged to 
stand as widely open as possible upon perforated wire trays. 
Under these conditions the exposure should be continued 
twelve hours in the special chamber, with high percentages 
of formaldehyd and a temperature of 80° C, a partial vacuum 
having first been produced. The binding, illustrations, and 
print of books are not injured by this process. See page 1 10. 
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When only a few books are to be treated, in the absence 
of special apparatus they may be disinfected by dropping 
two or three drops of a 40 per cent, formalin solution on 
every second page, taking care to distribute the drops well. 
The book is then laid in a tight box or drawer in which more 
formalin has been sprinkled, and left in a warm place not 
less than twenty-four hours. 

Pamphlets and unbound volumes may be steamed with- 
out serious harm. Steam is not applicable to the disinfec- 
tion of bound books on account of the glue and leather. 

Dead bodies may be the source of spread - 

Cadavers, ing many of the communicable diseases. 

The body, without previous washing, should 
be. wrapped in a sheet wet with a strong germicidal solution, 
such as bichlorid of mercury i : 1000, carbolic acid 5 per 
cent., or tricresol i per cent., until it is disposed of. Should 
it be desirable to wash the body, it should be done with 
formalin or Labarraque*s solution, or one of the solutions 
mentioned above. 

From a sanitary standpoint bodies dead of one of the 
communicable diseases are best disposed of by burning. 
When cremation is not practicable, the body should be sur- 
rounded by twice its weight of freshly burned lime in a tight 
coffin, and buried at least six feet underground. This treat- 
ment is effective in preventing the spread of cholera, typhoid 
fever, plague, smallpox, diphtheria, and most diseases to 
which man is liable. 

Embalming with the strong solutions of formalin and 
arsenic that are commonly used for this purpose is effective 
in destroying all but the surface infection of bodies dead of 
the communicable diseases. 

The disinfection of carcasses dead of anthrax is a very 
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important and difficult matter, and has been discussed in 
detail in the article on Anthrax in Chapter VI. 

Caps. See Hats. 

Cargo. See Vessels. 

Carriages, ambulances, wagons, cars, etc.. 

Carriages, ^^Y be disinfected by having built a small 
Ambulances, tight structure in which they are inclosed 

Cars, etc. and then surrounded with formaldehyd gas. 

Such a building is used for the disinfection 
of ambulances in New York city. By using high percent- 
ages of formaldehyd such conveyances may be given a satis- 
factory surface disinfection in an hour. This method would 
be particularly applicable to street cars, and the railroad 
coach, cabs, and other public conveyances, where time is an 
important factor. 

Of course, if the vehicle has been used for the transporta- 
tion of a communicable disease, the cushions, lap robes, 
curtains, floor carpet, upholstery, and similar articles must 
be removed for steaming, immersion in one of the germicidal 
solutions, or for treatment according to the method given 
for its particular class, especially if the patient has soiled 
the interior of the coach with discharges. 

The treatment of vehicles does not differ in any way from 
the disinfection of rooms or other similar objects, and may 
be accomplished by a thorough drenching with a hose or a 
mechanical cleansing of the surface with any one of the 
ordinary germicidal solutions. See also Railroad Cars. 

Cisterns. See Wells. 
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Clothing may be disinfected by a great 

Clothing. variety of methods. They may be boiled, 

Steamed, soaked in disinfecting solutions, 
or exposed to dry heat or the action of gases. 

Of all the methods steam is the most reliable, but it has 
the disadvantage of shrinking some woolen goods, or creas- 
ing them and setting them out of shape. Good clothing 
and fine fabrics may be steamed without appreciable injury 
if they are exposed to steam under pressure, so managed 
that condensation and undue wetting are avoided, and pro- 
vided that the articles are hung or loosely laid in the steam 
chamber so that they do not come in contact with any metal 
parts, and finally, provided that, as soon as the steaming 
is completed, the articles are immediately removed and 
stretched and shaken in the air until they are cooled and 
dried. 

The combination of high percentages of formaldehyd gas 
with dry heat in a partial vacuum is a splendid method for 
the disinfection of clothing, fabrics, and baggage on a large 
scale. The method is rapid, has sufficient power to pene- 
trate heavy fabrics, and is not injurious. 

Clothing may be disinfected by formaldehyd gas in a 
room or inclosure by any of the methods given for theevolu- 
tion of that gas. Proper care must be taken to so arrange 
the clothing that the gas may have free access to all the 
surfaces, and the exposure should be not less than twenty- 
four hours to insure penetration. Formaldehyd gas by 
this method should not be trusted to disinfect quilted'wraps 
or heavily lined overcoats and similar articles requiring deep 
penetration. 

Boiling and immersion, while very efficient, are limited 
to the disinfection of the simpler and cheaper articles of 
clothing. 
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Care must be taken not to injure colors 
Colors. in the process of disinfection. Many of the 
cheap prints run when wet, and such should 
not be disinfected by boiling, immersion in disinfecting 
solutions, or by steaming. In steam disinfection objects 
are sometimes soiled by being in contact with other articles 
dyed with soluble colors, and this possibility must always 
be guarded against in loading the chamber. (See page 74.) 

Sulphur dioxid is very ruinous in this respect. It bleaches 
practically all the vegetable and anilin dyes. It is very 
apt to discolor white lead paint (oxid of lead), by the forma- 
tion of the black lead sulphid. It does not attack white 
zinc paint when dry. 

Formaldehyd gas has practically no eflFect upon colors. 
It can be used to disinfect an oil painting, water-color, or 
pastel. It does not aflFect the coloring matter of fabrics, 
excepting occasionally the delicate lavenders. 

Chlorin is a very active bleaching agent, and acts injuri- 
ously upon almost all the pigments commonly used in the 
arts. Chlorinated lime, the hypochlorites, and Labarraque's 
solution likewise affect colors, on account of the chlorin 
liberated by their decomposition. 

Oxygen, ozone, and hydrogen peroxid are also very power- 
ful bleaching agents. 

Solutions of the mercury salts, of carbolic acid and the 
cresols, or formalin, have little special action upon pigments 
commonly used in the arts. 

Curtains. See Draperies. 

Carpets and rugs are very apt to become 
Carpets. infected with almost any of the communi- 
cable diseases, and they are troublesome to 
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handle properly. In cases where they have become soiled 
with the infected discharges, or where gross carelessness 
has prevailed in the sick-room, they should be subjected 
to a preliminary exposure to one of the gaseous disinfectants, 
then carefully taken up, wrapped in a sheet wet with bi- 
chlorid of mercury, and removed for steaming. Stains due 
to organic matter, such as blood, sputum, and excreta, must 
be removed before the steaming, else they will become fixed. 
After the steaming they may be given a mechanical cleansing 
and hung up in the sunshine for several days. 

Carpets that have been exposed in the sick-room where 
proper precautions have been taken at the bedside to pre- 
vent the spreading of the contagium, may be safely treated 
without taking them up, although this is always preferable. 
The carpet may be disinfected in place by wetting it with 
a 5 per cent, solution of formalin, and keeping the room 
closed not less than twenty-four hours, or by exposing the 
carpet to the action of formaldehyd gas in full strength for 
twenty-four hours. 

Carpets that have become infected by the spilling of dis- 
charges, etc., should have the contaminated area immedi- 
ately saturated in a strong solution of formalin. Carpets 
in rooms that are being given a general disinfection with 
formaldehyd gas may be sprinkled or mopped with formalin 
just before the room is closed and the gas evolved. 

Cotton and cotton fabrics may be boiled, 
Cotton. steamed, subjected to dry heat at 150° C. 
for one hour, exposed to formaldehyd gas, or 
mmersed in any of the ordinary disinfecting solutions with- 
out appreciable injury. 

Sulphur dioxid not only bleaches the cotton, but rots the 
fiber, owing to the action of the sulphurous acid which is 
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formed by the gas in the presence of moisture and oxygen, 
and is therefore not applicable. 

Combs may readily be rendered safe by 
Combs. soaking in formalin, carbolic acid, or bi- 
chlorid solutions, after which they may be 
mechanically cleansed. The rubber and celluloid of which 
combs are now made will not, as a rule, stand boiling, steam- 
ing, or dry heat. 

As a rule these furnishings of a room do 

Draperies, ^^t come in contact with the patient or his 

Hangings, discharges, and therefore may be disinfected 

Curtains, by formaldehyd gas while the room itself 

is being treated. 
In case these articles are contaminated so that they need 
more than a surface disinfection, they should be steamed, 
in accordance with the plan laid down for the handling of 
carpets or immersed in one of the germicidal solutions. 

The sick-room should not contain draperies, hangings, or 
other unnecessary articles of this character, and it is always 
advisable to remove them, as well as the carpets before 
the possibility of contamination. 

Lime in one of its forms is best suited for 
Excreta, the disinfection of the excreta, in any quan- 
tity. For small amounts, formalin, carbolic 
acid, or one of its derivatives, as tricresol, lysol, saprol, is 
efficient. 

In hospitals the infected discharges are sometimes boiled 
in an appropriate vessel, with the addition of a deodorizing 
substance, as potassium permanganate. 

Whatever chemical substance is used, some of it should 



Co 
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be placed in the vessel that is to receive the dejecta, and 
more is added afterward and the mass thoroughly mixed. 
Let the mixture stand a sufficient length of time, — not less 
than an hour, — depending upon the strength and nature of 
the disinfectant. In estimating the amount of disinfectant 
required for the disinfection of excreta in camps, quarantine 
stations, etc., count upon an average of 400 grams of solid 
excrement per person per day, and 1500 to 2000 c.c. of urine. 

Excreta must always be so protected that it will not be- 
come a breeding and feeding-place for flies and other insects, 
which are prolific ways of spreading cholera, typhoid fever, 
and perhaps other diseases. 

Milk of lime is a very cheap and efficient disinfectant for 
excreta. As officially prescribed for this purpose in the 
army of the United States, it is prepared by the addition of 
I per cent, by weight of the freshly slaked lime to 8 parts 
of water. 

In its application to fecal matter the milk of lime is em- 
ployed in the proportion of 5 per cent, by bulk, with a daily 
addition equal to 10 per cent, by bulk, of the estimated 
increment of feces. According to this method, to each 95 
parts of feces there is added 0.62 part of water-slaked lime, 
or I part in 153. According to Munson, this seems a very 
small proportion for a substance of no very powerful germi- 
cidal properties, particularly in the absence of thorough 
mixing with the infectious material, or with the deteriora- 
tion of the lime through atmospheric influence, which is so 
liable to occur. 

In view of the cheapness of quicklime, and to avoid any 
possible failure in the attainment of disinfection, it will do 
no harm to err on the side of safety and considerably increase 
the strength or quantity of the milk of lime as prescribed 
above. 

«5 
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The perfunctory sprinkling of infectious matter with weak 
milk of lime, as is often done, is a procedure worse than 
useless. Lime has but slight effect upon odors and requires 
a long time to accomplish disinfection. 

Lime should not be thrown into the hoppers of water- 
closets, for the disinfection of the dejecta, without dilution, 
for otherwise the thick mass may accumulate and obstruct 
the pipes. 

In disinfecting the excreta with lime the reaction of the 
resulting mixture must be alkaline, else the object will not 
be attained (Phuhl). 

Lime, or the milk of lime, is very useful for the disinfec- 
tion of privies, or trenches in camp, or in country practice. 
For its use under these circumstances the amount required 
may be arrived at as follows: The amount of fecal matter 
per person is reckoned at 400 grams a day. If the urine 
is also to be disinfected this may be counted as 1500 to 2000 
c.c. per person daily. For the disinfection of the solid ex- 
crement alone, 5 grams of lime, or 40 c.c. of the milk of lime 
(i to 8), must be reckoned for each person per day. If the 
urine is included it will take four to five times as much. The 
mixture must have an alkaline reaction. 

Chlorinated lime is a powerful deodorant, vigorously at- 
tacking the gaseous effluvia of putrefaction, and is a useful 
disinfecting agent for excreta. A solution of good chlorin- 
ated lime in water in the strength of J to i per cent, by weight 
has been shown to disinfect typhoid and cholera stools in 
ten minutes, while a i per cent, solution will destroy anthrax 
bacilli in two hours. Thoroughly mixing the chlorinated 
lime with the fecal matter to be disinfected is essential. 

In the United States army a 4 per cent, strength of chlor- 
inated lime in solution is officially prescribed for use in the 
disinfection of the excreta of the sick, it being specifically 
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Stated that the chlorinated lime so used should be of good 
quality and not have undergone deterioration. 

Formalin ranks high among the list of germicidal agents 
useful for the disinfection of the dejecta: It penetrates 
deeply and is not hindered in its action by the albuminous 
matter present. Enough should be added so as to make 
5 per cent, of the mass and be thoroughly incorporated. 
The vessel must be kept tightly closed at least an hour. As 
a deodorant it acts almost instantly. 

Carbolic acid in 5 per cent, solution added to a similar 
bulk of excreta cannot be depended upon to render the latter 
sterile in one hour. It can, however, be used for the disin- 
fection of infected stools, such as cholera, typhoid, etc., 
taking care to mix well and let stand at least one hour. 

Tricresol, lysol, and saprol are valuable agents for the 
disinfection of fecal matter in small amounts, on account 
of their energetic action, and because their efficiency is not 
impaired by the presence of albuminous matter. Sufficient 
quantities of these phenol derivatives must be added so as 
to be present in 2 per cent, of the entire mass, and thoroughly 
incorporated. Carbolic acid and its derivatives are more 
expensive than lime and without any special advantages. 

Ferrous stdphate is very extensively used for the disin- 
fection of excreta, but its germicidal powers are too weak 
to recommend it for this purpose. It is claimed also to have 
deodorant properties, which are denied by Foote. 

In using this salt of iron it is essential to add it to the 
fecal matter in solution in great excess on account of its 
feeble germicidal powers. If the contents of the latrine are 
semi-fluid it is best to add a concentrated solution. Munson 
recommends 5 parts of the iron salt to each hundred parts 
of the total contents of the latrine vault as essential to 
efficiency. In the French army ferrous sulphate is used in 
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lo per cent, solution, and it is officially laid down that at 
least 250 c.c. of such a solution should be used per day for 
each person using the latrine. 

Dry earth promotes the desiccation of excreta, thus pre- 
venting putrefactive changes while absorbing the odors. 
It has no inherent germicidal or antiseptic qualities, but is 
a useful means of disposing of dejecta in camps and country 
places when lime and chemicals are not at hand. A better 
method under these circumstances is to bum the dejecta 
upon an improvised fire. 

Corrosive sublimate is totally unfitted for the disinfection 
of excreta, because it coagulates the albuminous matter 
with which it combines, and therefore lacks penetration; 
nor does it destroy the bad odors. 

Feces. See Excreta. 

The ordinary methods of cooking are, as 
Food. a rule, sufficient to render meats and vege- 
tables safe from the danger of conveying in- 
fection. The food must be well cooked throughout and must 
afterward be guarded against contamination by dust, by 
ffies and other insects, by handling with infected hands, or 
by contact with infected dishes. 

The remnants of food or drink that have formed part of 
the patient's meal should be burned or boiled, — particularly 
if the case is one of diphtheria, tuberculosis, cholera, pneu- 
monia, plague pneumonia, or any of the exanthematous 
diseases in which the food is apt to become infected by hand- 
ling or by contact with the secretions of the mouth. 

In districts where cholera and typhoid fever or epidemic 
dysentery prevail, raw foods, such as salads, celery, toma- 
toes, and fruits, may be disinfected by half an hour's im- 



DISINFECTION OF HOUSES, SHIPS, AND OBJECTS. 207 

mersion in a 3 per cent, solution of tartaric acid and after- 
ward washed in boiled water. 

There is plenty of evidence now to prove that parasitic 
and infectious diseases may be spread through the con- 
sumption of uncooked vegetables, even where pestilential 
diseases do not prevail in epidemic form. G. Ceresole* 
found ameba, threadworms, eggs of tenia, oxyuris, anchy- 
lostomum, and a great variety of bacteria upon lettuce, 
endive, radishes, celery, and the like. 

Roots, bulbs, fruits, and other articles of food may be 
given an eflScient surface disinfection by immersing them in 
a 5 per cent, solution of formalin. This is sometimes re- 
quired for food products of this nature coming from plague- 
or cholera-infected regions. This treatment does not harm 
the food value of these articles and is not poisonous. 

The floors should always be given careful 

FLOORS. attention because they are especially likely 

to be infected. The sputum of tuberculous 

cases, of pneumonia, diphtheria, etc., too frequently finds 

lodgment upon the floor. The plague bacillus has been 

found in the dust and dirt of the floor. 

The floor may best be disinfected by a soaking or by a 
mechanical cleansing with any one of the strong disinfecting 
solutions, such as bichlorid of mercury i : 1000, carbolic 
acid 5 per cent., tricresol i per cent., etc. 

Bichlorid of mercury should not be used for the disin- 
fection of the '* dirt floors" frequently found in the Orient 
and also in the poorer hovels of our own country. Car- 
bolic acid, or one of its derivatives, is more trustworthy 
for this purpose, as its action is not hindered by the pres- 
ence of albuminous matter. 

*"I1 Poltclinico,*' 1900-1901, p. 55. 
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Ordinary furniture, such as chairs, tables, 

Furniture, desks, bureaus, cabinets, sideboards, etc., 

made of wood, with hard polished surfaces, 
may be effectively disinfected with formaldehyd gas or 
sulphur dioxid, according to any of the methods given for 
evolving these gases. All the drawers and doors should be 
opened so as to expose all portions to the action of the gas. 

Furniture may also be disinfected by mechanical cleansing 
with any of the disinfecting solutions, taking care not to 
overlook any surface and to get the solution into all the 
cracks and crevices. 

Upholstered furniture is one of the bugbears of the dis- 
infector, on account of its bulj:, its value, and the deep pene- 
tration sometimes required. If the upholstery is leather, 
oil-cloth, or other impervious material, it may be treated 
with one of the germicidal liquids, care being taken to get 
well into all the puckered tucks of the cushions. If the 
article is covered with a tapestry or other pervious fabric, 
the only efficient way of rendering it safe is by soaking the 
cushions through and through with a 5 per cent, solution of 
formalin and leaving the furniture in an inclosed space 
twenty-four hours. Fortunately, this treatment does no 
special injury to fine fabrics. 

Upholstered furniture which has simply stood in a house 
or room in which a case of infectious disease has occurred, 
and which has in no way come in contact with the patient 
or the infectious materials, may be considered as being in- 
fected merely upon the surface, and therefore may with per- 
fect safety be treated by gaseous disinfection. It is always 
well, in using formaldehyd, which is practically the only gas 
applicable for these objects, to sprinkle or wipe the surfaces 
of the upholstery with a 5 per cent, solution of formalin just 
before closing the room preparatory to liberating the gas. 
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Gauze. See Bandages. 

Glassware, porcelain, china dishes, and 
Glassware, the like may be disinfected by boiling, 

steaming, or immersion in any one of the 
disinfecting solutions. 

The hands should be thoroughly washed 
Hands. and disinfected after contact with infected 
material of any kind. It is very difficult 
to disinfect the skin, especially around the finger nails, so 
that a cursory immersion into a bichlorid solution will not 
suffice. After contact with the skin of a case of smallpox 
or one of the exanthematous diseases, or after contamina- 
tion with the discharges of cholera or typhoid fever, the 
hands should be immersed in a hot i : looo bichlorid solu- 
tion, then given a very thorough cleaning with soap and 
water, using a nail brush. After this the hands should be 
immersed in a i : looo bichlorid solution for three minutes. 

In surgical practice the following methods of disinfecting 
the hands are commonly employed: 

Furhringer's method: The hands are actively scrubbed one 
minute with soap and water as hot as can be borne, then they 
are rubbed for a minute with 80 per cent, alcohol, and finally 
washed in a 0.5 per cent, sublimate solution. As modified 
and generally used this method consists of washing 
the hands in soap and hot water for five minutes, using the 
nail brush. They are then soaked in alcohol for one minute 
and scrubbed with a sterile brush. They are finally soaked 
in a I : 1000 bichlorid of mercury solution for three minutes. 

The method of Schaiz, as modified by Kelley, is as follows : 
The hands are first vigorously washed with common brown 
kitchen soap or green soap and hot water for five minutes. 
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The hands thus mechanically cleaned and softened are next 
immersed in a hot saturated solution of potassium per- 
manganate until stained a deep mahogany color. They are 
then immersed at once in a hot saturated solution of oxalic 
acid, which decolorizes and completely sterilizes them. The 
oxalic acid is then removed by warm water or sterilized 
lime-water. 

Hangings. See Draperies. 

Hats and caps cannot be steamed because 
Hats and they usually contain sizing (glue) and 
Caps. leather. They may be carefully wiped with 
or immersed in one of the disinfecting solu- 
tions, preferably formalin, and then hung up to dry so that 
they will not lose their shape. Or they may be exposed for 
twenty -four hours to formaldehyd gas in sufficient concen- 
tration. Straw hats without trimmings may be exposed 
without injury to sulphur dioxid, as that gas is used in their 
manufacture to bleach them. 

Hides. See Leather. 

Holds of Vessels. See Vessels. 

The disinfection of houses resolves itself 
Houses. into the disinfection of its rooms (vide 
Rooms). As a rule it is better, in disinfect- 
ing an entire house with a gas, to treat each room or suite 
of rooms separately, and finally to fumigate the halls and 
stair wells. 

The disinfection of the entire house is rarely required. 
The infection of most diseases may be confined to the sick- 



DISINFECTION OF HOUSES, SHIPS, AND OBJECTS. 211 

chamber and the adjoining rooms; but if the patient has 
contaminated most of the rooms of the house before the 
nature of affection is recognized, or if, on account of careless- 
ness or other reasons, the infection is not confined, the entire 
house will need treatment. In this case it is best to begin 
with the upper stories and work downward, arranging so that 
all the rooms and halls of the house will be exposed to the 
disinfecting agent simultaneously ; where that is not possible, 
the upper stories of the house should be finished and locked 
so that they may not be used until the rest of the house is 
finished. 

Surgical instruments may be disinfected 

Instruments, by many methods, but they are best steril- 

SuRGiCAL. ized by the method of Schimmelbush ;* i, e., 

after careful cleaning they are boiled in a 
I per cent, solution of sodium bicarbonate for fifteen minutes 
or longer. This does not rust steel and does not dull the 
cutting edge. 

Leather, hides, skins, and fur are ruined 
Leather, ^Y boiling or steaming. They may be 
Hides, Skins, treated by immersion in one of the germi- 
FuR, ETC. cidal solutions. Leather which has not re- 
ceived a surface dressing is rendered hard 
and brittle by wetting, and should therefore be disinfected 
by one of the gases. 

Formalin ** fixes" leather by combining with its albu- 
minous constituents, rendering it brittle, and should there- 
fore not be used for this substance. 

*« Arbeiten a. d. chir. KliDik d. k. Univ. Berlin," 5. Theil, 1891, S. 46 
16 
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Letters. See Mail. 

Flax or linen fabrics may be boiled, 
Linen. steamed, or disinfected by immersion in any 
one of the ordinary chemical solutions used 
for this piurpose. It may also be subjected to formaldehyd 
gas without appreciable harm. Sulphur dioxid rots linen 
fiber as it does cotton, and bleaches dyes, and should there- 
fore be avoided. 

Lithographs. See Pictures. 

First class letter mail has been accused 
Mail. of spreading smallpox, measles, scarlet 
fever, and diseases of the desquamating 
class. There is little danger of letters spreading the infec- 
tion of such diseases as plague, cholera, typhoid fever, tuber- 
culosis, and the great majority of the communicable dis- 
eases. However, the disinfector is often called upon to 
disinfect the mail as a matter of precaution. 

There are several methods by which the letter mail may 
be treated. One of the best ways for large quantities is to 
expose the letters to high percentages of formaldehyd gas, 
with dry heat in a partial vacuum (see page no). This 
method has the advantages of being quick and not requiring 
the puncturing or opening of the envelopes, it being sufficient 
to lay the letters loosely on end on the racks. The only 
special precaution necessary in this method is to eliminate 
the letters with wax seals, for this substance softens at the 
temperature of 80° C, which is the degree of heat necessary 
to obtain trustworthy results. The method presupposes 
the installation of expensive apparatus and the presence of 
a skilled attendant. 
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A very simple method, which I practised with success 
in Havana upon large amounts ot letter mail, and which 
takes very little time, consists of the following procedure : One 
person clips the corner of the envelopes with a sharp scissors, 
and passes them on to the next person, who drops three or 
four drops of formalin into each letter, by means of an eye 
dropper. The envelopes are then placed in the sack, which 
has been liberally sprinkled with formalin, and more formalin 
is sprinkled between every few layers of letters as they are 
placed loosely in the sack. Use a fine spray, which will not 
wet the ink sufficiently to make it run. The sack is filled 
in successive layers and then tightly closed and laid in a warm 
place for no less than six hours — preferably overnight. Or 
it may proceed immediately on its journey, provided the 
sack is not opened until the proper time has elapsed. Very 
large quantities of mail matter may be disinfected in this 
manner in a surprisingly short time. 

This method is also particularly applicable to hospitals, 
lazarettos, quarantine stations, and similar places where 
only a few letters need treatment each day. In these cases 
the following procedure will be found useful and perfectly 
safe : The mail is collected every evening at a stated time, 
and each letter is treated inside and out with formalin as 
described above. The letters are placed in a tight box 
made especially for this purpose, and laid away overnight 
in a warm place. In the morning the box is carbolized upon 
the outside and taken to the picket line or quarantine limits, 
where the mail is taken out by the guard and, after a little 
preliminary airing, transferred to a clean receptacle and is 
ready for the post-office. 

Sacks of mail which have been treated by this method 
should not be opened in a closed room, for the smell of the 
formaldehyd is very unpleasant. This may be obviated by 
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opening the bags out of doors and letting them air half an 
hour, or by sprinkling some ammonia about. 

If the letters are exposed to formaldehyd gas evolved by 
one of the methods used for room disinfection they must 
be arranged so that all the surfaces of the envelopes are freely 
exposed to the action of the gas, and left twenty -four hours 
if the envelopes are not punctured, six to twelve hours if 
the envelopes are punctured. 

Sulphur dioxid cannot penetrate paper nearly so well as 
formaldehyd, and therefore it is necessary to puncture the 
envelopes if they are to be disinfected by this gas. In punc- 
turing envelopes for this purpose care must be exercised to 
use an instrument that will actually cut out a little circle 
of the paper, for if the letter is simply punctured with a 
sharp-pointed instrument the hole made seals itself from 
the interior of the envelope. 

In the absence of other means letters may be subjected 
to dry heat, either in special apparatus or in the kitchen 
oven. 

Mattresses. See Bedding. 

Of all foods milk is the most likely to be 
Milk. infected. It is a very good culture medium 

for almost all the pathogenic bacteria; for 
instance, fresh milk contaminated with a few typhoid, diph- 
theria, cholera, or plague bacilli will in a few hours at ordinary 
temperatures have every drop teeming with many of these 
organisms without appreciably altering the appearance of 
the milk. It is easy to understand how readily the infection 
of typhoid fever, cholera, diphtheria, or plague may get into 
the milk. The exanthematous diseases have frequently been 
traced to the milk-supply. The possibility of tuberculosis 
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being conveyed in the milk is ever present. The milk-supply 
of a large city is always under suspicion, so frequently does 
it carry disease, and it is therefore fortunate that we have 
simple and sure methods of rendering it safe. 

Milk may best be disinfected by boiling or Pasteurization. 

Boiling coagulates, the casein and renders the milk less 
palatable, and more difficult to digest for some persons, 
though it makes it absolutely safe so far as the destruction 
of infection is concerned. 

Pasteurization consists in heating the milk to a tempera- 
ture of from 70*^ to 75*^ C. (about i8o*^ F.) for half an hour 
and then chilling it quickly and keeping it cool until used. 
This degree of heat is sufficient to kill all the non-spore- 
bearing bacteria, such as tuberculosis, typhoid, cholera, dys- 
entery, diphtheria, and, in fact, practically all the infectious 
agents of the epidemic diseases to which man is liable. As 
the spores and some of the hardier saprophytes are not killed 
by this degree of heat, it is important to chill the milk quickly, 
for if allowed to cool slowly the continued warm tempera- 
ture favors the growth and multiplication of these forms of 
bacteria, which, although they do not cause disease directly, 
give rise to toxins or chemical poisons in the milk which 
cause indigestion or very severe symptoms of poisoning. 

Money may convey the infection of the 

Money. communicable diseases, especially smallpox 

and the exanthemata. 

Metallic money may best be treated by immersion in a 

solution of carbolic acid 3 per cent., of formalin 3 to 5 per 

cent. Boiling water, steam, or dry heat is also applicable 

to the disinfection of specie. 

Paper money may be disinfected by sprinkling the notes 
with formalin, taking care to sprinkle the solution in small 
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drops and upon the face of each bUl, then placing in a tight 
box in a warm place for six hours. 

The disinfection of currency does not differ from that of 
letter mail. (See page 212.) 

The stringed instruments may be dis- 

MusiCAL infected by formaldehyd gas. The brass 

Instruments, wind instruments may be boiled, or, if they 

have keys, may preferably be disinfected by 
a careful washing with formalin or carbolic acid solution; 
or they may be subjected to formaldehyd gas. The wood- 
wind instruments and the mouth-pieces of the reed instru- 
ments may be treated with formaldehyd gas, or, better 
still, immersion in a strong formalin solution. 

The patient is, of course, the source of 
The Patient, almost all the infection with which we have 

to deal, and therefore the greatest care 
should be taken to prevent the contagion leaving the body 
in a live and virulent form. 

The methods of disinfecting the skin, the various dis- 
charges, the bedding, and other objects which come in con- 
tact with the patient have been enumerated under separate 
headings. 

In all cases of the communicable diseases scrupulous 
cleanliness of the patient, his bed and bedding must be 
exercised. The patient's skin may be bathed with one 
of the disinfecting agents in weak dilutions, and must always 
be kept clean with soap and water, or alcohol, depending 
upon circumstances. 

In the exanthemata the skin should be anointed with 
vaselin or a bland oil, to which a little carbolic acid may be 
added. This will largely prevent the contamination of the 



DISINFECTION OF HOUSES, SHIPS, AND OBJECTS. 217 

surroundings with the infection which leaves the body in 
the desquamating epiderm. 

In the case of cholera, typhoid fever, and the intestinal 
diseases, the buttocks must be kept clean and the napkins 
used for this purpose should be moistened with a solution 
of bichlorid of mercury or carbolic acid, and immediately 
after being used placed in a strong germicidal solution, 
boiled, or, better, burned. 

The sick-room should be kept freely ventilated, and the 
patient protected from the annoyance of flies and mosquitos. 
In the case of malaria, yellow fever, and other diseases con- 
veyed through the agency of insects, fly screens and mosquito 
bars must be used and the greatest care taken to destroy 
any insects that may gain entrance into the room. 

Special measures to prevent the spread of the infection 
from the patient are given under each one of the communi- 
cable diseases in Chapter VI, and need not be repeated here. 

Formaldehyd gas does not injuriously 

Pictures and affect photographs, lithographs, prints in 

Paintings, black and white or colors, oil paintings, 

water-colors, or pastels, and is practically 
the only method applicable to the disinfection of these 
articles. 

Pigments. See Colors. 

Pillows. See Bedding. 

Rags may be disinfected by any of the 

Rags. methods applicable for fabrics ; but as they 

are especially apt to be contaminated with 

the discharges and other infectious materials, they therefore 
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require treatment with methods which penetrate deeply — or 
better still, methods which sterilize, such as steam, boiling, 
or immersion in one of the stronger germicidal solutions. 

It is quite impossible to disinfect a bale of rags, prepared 
under great pressure for shipment. No disinfecting agent 
could penetrate such a firm mass. It is therefore necessary 
to unbale and expose all portions of the contents of the 
mass freely to the action of whatever disinfecting agent is 
used. At ports where large quantities of rags are shipped 
it is advisable to have a special car constructed, having 
racks upon which the rags are spread out for exposure to 
steam under pressure. 

The principles of disinfection as applied to 
Railroad railroad cars present nothing novel. The ap- 
Cars. plication of these principles varies somewhat 

with the kind of car we have to deal with. 

Flat cars, or open cars, seldom need disinfection, for even 
should they become infected the constant exposure to the 
sun and weather is usually sufficient to render them safe 
from the danger of conveying disease. They may readily 
be disinfected, whenever that may be necessary, by scrubbing 
or flushing them with carbolic acid, or bichlorid of mercury 
solutions. 

Freight cars, or box cars, seldom need disinfection. In 
the case of the insect-borne diseases, the destruction of the 
mosquitos and flies which such cars are very apt to harbor 
is necessary. Freight cars are best treated for this purpose 
by fumigation with sulphur dioxid, which at the same time 
destroys bacterial infection upon the surface. The outside 
of the car rarely needs any attention. 

If th^ freight car is infected with any of the exanthemata 
or diphtheria, cholera, or other bacterial infections it may 
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be disinfected with formaldehyd gas, or, better still, by 
washing or flushing with one of the usual germicidal solu- 
tions, and then left open to air and dry, preferably in the 
sunshine. In actual practice it will sometimes be found 
useful to disinfect these cars by steam from the locomotive. 

Cattle cars and cars used to transport live stock need 
special attention, particularly if anthrax, tetanus, glanders, 
or tuberculosis is the disease with which they are contami- 
nated. The disinfection of cars of this type is so much like 
the disinfection of a stable that it is unnecessary to repeat 
the process here. (See page 229.) 

Day coaches and parlor cars: The disinfection of the 
ordinary passenger coach presents no special difficulty. The 
day coach is nothing more nor less than a room on wheels, 
and all the principles for the treatment of rooms apply with 
equal force to these cars. If the disinfection is done as a 
precautionary measure (which should be required at stated 
intervals), it is sufficient to follow a thorough mechanical 
cleansing, whh formaldehyd gas. The carpets and rugs 
and all similar articles, including the upholstered seats and 
back rests, if removable, should be taken from the car and 
given a mechanical cleansing in the open and exposed to 
the sunshine. The spittoons and the floors of the car are 
especially liable to become infected; the floors may be 
mopped or scrubbed with one of the germicidal solutions, 
and the contents of the spittoons may be disposed of in one 
of the ways mentioned under the heading Sputum. The 
cuspidors themselves should be steamed or well rinsed in a 
carbolic acid bath. 

If the disinfection is done on account of the known con- 
tamination with one of the communicable diseases, it is 
treated. exactly as a room would be under like conditions. 

The railroad coach is very likely to harbor mosquitos. 



J 
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flies, and other insect pests that may carry disease. For 
this reason precautions will have to be taken, on cars leaving 
districts infected with yellow fever, malaria, plague, etc., 
to keep these insects off the cars ; or measures will have to 
be taken to destroy them after they get on board. As 
both of these requirements are difficult, if not impossible, 
to carry out with certainty, it will be found best to have 
relays, and to change cars upon leaving an infected for a 
non-infected but infectible area. 

Sleeping cars present a greater danger than any other 
rolling stock. The berths are very apt to become infected 
with tuberculosis, diphtheria, and any one of the exanthe- 
mata, especially as they are kept closed — ^almost hermeti- 
cally sealed — against the fresh air and sunshine during the 
day. Much of the difficulty encountered in the disinfection 
of the sleeping car is due to peculiarities in construction, such 
as the compact manner in which the bedding is stowed away, 
the heavy and unnecessary carpets and hangings, the ex- 
cessive molding and ornamentation which catch the dust 
and hold the infection, the use of such materials as plush for 
the upholstery, the vile arrangement of the open-hopper 
water-closet, the absence of faucets arranged so as to wash 
in running water instead of a bowl used also for the teeth 
cleaning and other processes, the absence of any system of 
ventilation, and the like. A sleeping car is nothing more 
nor less than a bedroom on wheels, and all the methods de- 
scribed for the treatment of such rooms (see page 222) are 
applicable. 

Before attempting to disinfect the interior of a sleeping or 
other passenger coach with a gas, it is important to close 
the deck sashes and all the ventilator openings for the 
Pintsch gas flames. Much gas will be lost through the open 
hopper of the water-closet unless that is tamponed. Some 
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cars have a system of ventilating ducts, the fresh air entering 
under the seat, or somewhere near the bottom of the car, 
which must all be carefully sealed against leakage. 

Formaldehyd gas is practically the only one of the gaseous 
disinfectants which may be used for the treatment of the 
sleeping car. As this gas lacks the power of penetration, 
all the berths must be opened and all the bedding and other 
fabrics should be removed for steaming or other treatment, 
as it is practically impossible to arrange all the bedding 
and fabrics in the small space of a car so that every surface 
will be freely exposed to the full effects of the gas. 

After the removal from the car of the bedding, hangings, 
carpets, and other fabrics, the toilet room should be given 
special attention The drinking glasses, the bowls and slabs 
of the wash-stands, the brushes and combs, the seat of the 
water-closet, and other objects should be washed or im- 
mersed in one of the germicidal solutions suitable to each 
class. A 3 to 5 per cent, solution of formalin, or a 5 per 
cent, solution of carbolic acid, or a i per cent, solution of 
tricresol or lysol is especially applicable to this disinfection. 
Bichlorid cannot be used on account of its corrosive action, 
especially upon the metal parts. 

After all this preliminary treatment the car may then be 
subjected to the formaldehyd gas, care having been exer- 
cised that all the openings are well sealed, as described above. 

It may well be understood that the method for the routine 
disinfection of the sleeping car, while presenting no particular 
difficulties, do not satisfy the requirements of modem 
activities. Railroad managers demand germicides which 
are instantaneous in their action, non-destructive in their 
effects, all-pervading in their power of penetration, so that 
no disarrangement of the contents of the car would be neces- 
sary, and so that the disinfection could be accomplished 
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without loss of time and with little cost. Further, the dis- 
infecting agent used must leave no unpleasant odor or other 
disagreeable effects to offend the sensitiveness of the pas- 
sengers. Such ideal methods are not known. It takes 
time and money to effectively eradicate the infection from so 
complicated a structure as a sleeping car, and when the 
traveling public are more thoroughly informed upon the 
dangers that menace them, they will require a very thorough 
purification of the sleeping coach periodically as a necessary 
precautionary measure. 

The disinfection of the living room calls 
Rooms. for all the resources of the disinfector's art. 
The fact that it is necessary to bring the 
apparatus and materials to the room in order to disinfect 
it with most of its contents is one of the main difficulties 
and will call forth the ingenuity as well as the vigilance of 
the operator. 

A room cannot be effectively disinfected while it is occu- 
pied. Any gaseous substance in sufficient concentration to 
destroy bacteria would make life unbearable. Under these 
circumstances the best that can be done is to wash all exposed 
surfaces with one of the germicidal solutions, and to observe 
the strictest cleanliness about the patient, the bed and bed- 
ding, and to promptly disinfect and dispose of the discharges, 
etc. It is absurd to keep a pan of carbolic acid, formalin, 
chlorinated lime, or any other substance under the sick-bed 
or in the water-closet with the hope that it will in any way 
purify the air and prevent the spread of the disease. Occa- 
sionally a deodorant about the room may be used with 
advantage, but where proper cleanliness and ventilation are 
observed, such substances are rarely called for. 

It is, of course, of prime importance to prevent the infec- 
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tion of the room, by taking the precautions required for the 
particular disease in question, but we are now dealing with 
the destruction of infection and not its prevention. 

The method to be employed for the disinfection of a room 
will vary somewhat with the disease for which the disinfec- 
tion is done. As a rule one of the gases is to be preferred 
for the group of exanthemata, because the infected particles 
are apt to fly about and lodge in places inaccessible to the 
other methods. In the case of malaria, yellow fever, and 
filariasis the destruction of the mosquitos must be given our 
first consideration. In disinfecting rooms for plague our 
efforts must be directed against the rats, mice, and fleas, 
as well as to the destruction of the plague bacillus. For 
cholera and typhoid fever we must pay particular attention 
to the water and food. In routine work in the treatment 
of rooms liable to be infected with a variety of diseases, 
and disinfected as a precautionary matter, formaldehyd gas 
is the most generally useful agent we possess. 

Certain articles commonly found in living rooms, such as 
bedding, carpets, rugs, cuspidors, upholstered furniture, and 
other articles deeply infected or difficult of disinfection, must 
be treated separately as described for each article. 

In case the room is so constructed that it is impracticable 
to disinfect it with a gas, it must be treated in accordance 
with the methods given seriatim for its walls, floors, and all 
its contents. 

Preparation of a Room for Gaseous Disinfection. — After 
closing the doors and windows, paste strips of paper over 
the cracks and crevices, or calk them with towels, waste, 
and the like. (See illustration, page 85.) Be particular 
to close the hot-air register, and to properly close all venti- 
lators, fireplaces, and other openings. Open closets and 
small doors, and expose all the drawers, lockers, and similar 
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places, so that the gas may have free access to remote comers. 
Furniture should be moved away from the walls, so that 
there may be a free exposure of surfaces. Curtains and 
hangings should hang loosely, so that nothing may keep the 
gas from gaining free access to every portion of the fabrics. 
Clothing, bedding, and articles of this character should be 
suspended on lines in a clear portion of the room, and not 
too far from the place where the gas is evolved, in order 
that they may have the full benefit of the undiluted effects 
of the disinfecting agent at a point where the gas is more 
concentrated and where the more energetic currents favor 
penetration. 

In thus arranging a room it is very important to expose 
to the gas the same surfaces that were exposed to the infec- 
tion. It may therefore be mistaken zeal to disturb the 
contents of the room too much ; besides, the too vigorous 
shaking up of the dust or infectious matter may be the means 
of spreading the disease. 

Ordinarily, carpets and rugs should be left in place, and 
after the fumigation they may be taken up and hung in the 
sun for a day or two, and pounded or otherwise mechanically 
cleaned. If the carpets and rugs have been infected with 
the discharges or badly contaminated in other ways, the 
particular spots should be thoroughly saturated with a 
strong solution of formalin or other strong disinfectant. 
Then, after the preliminary fumigation, the rugs and carpets 
should be removed for steaming and sunning. Bedding, 
towels, and other articles of like nature may be left to the 
action of the gas, afterward removed for boiling or steaming, 
or immersion in one of the disinfecting solutions. Whenever 
articles are removed from the room for disinfection they 
must be wrapped in a sheet wet with one of the germicidal 
solutions. Bichlorid of mercury is particularly appropriate 
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for this purpose. The gases cannot be depended upon to 
exert their disinfecting influence very deeply ; therefore any 
article which there is reason to believe is deeply or badly 
infected should be removed for other treatment, depending 
upon its character. Rubbish that may be gathered up in 
the room should be burned. The cuspidors and their con- 
tents require special treatment, and any other article which 
the gases cannot be depended upon to disinfect thoroughly 
must be removed and disinfected according to its nature. 

After the room has been properly prepared, all is made 
tight and the room filled with the gas according to the 
methods given, and it should then be sealed in such a way 
that it cannot be opened without the knowledge of the dis- 
infector. After the proper time has elapsed the room should 
be opened by the disinfector himself, and the operation 
should not be considered successful unless there is a distinct 
smell of the gas present. The windows and doors are then 
opened so that the gas may be allowed to blow away, or 
neutralized according to the methods given. 

A room which has been carefully treated as above outlined 
may be considered disinfected and will need no other treat- 
ment to render it safe. However, it is always advisable to 
follow the disinfecting processes with a very thorough 
mechanical cleansing and a good sunning and airing. 

When a room is to be disinfected by another method than 
one of the gaseous disinfectants, a somewhat different pro- 
cedure is followed. Article after article is removed piece- 
meal and disinfected by appropriate methods. After the 
room is emptied, the walls and other surfaces are flushed 
with bichlorid of mercury i : tooo or one of the other germi- 
cidal solutions in equivalent strength. 

Roots. See Food. 



2 26 DISINFECTION AND DISINFECTANTS. 

Rubber is injured by dry heat. Pure 
Rubber. rubber may be boiled or subjected to steam 
under pressure without injury. Articles 
made of impure rubber, such as mackintoshes, rubber shoes 
and boots, rubber sheeting, vulcanized rubber articles, and 
the like, are ruined by boiling or steaming, and must be dis- 
infected by immersion in one of the germicidal solutions. 

Rubber nipples of nursing bottles, after mechanical cleans- 
ing, should be boiled in an alkaline solution, containing a 
little borax or baking soda, and then washed in boiled water. 

Rugs. See Carpets. 

Ships. See Vessels. 

Silk seldom needs disinfection, and for- 
SiLKS. tunately so, for it is difficult to treat without 

injuring the fabric or color. Formaldehyd 
gas does not injure the fiber and has no eflfect upon the 
great majority of colors ; but the delicate lavenders of anilin 
origin are sometimes slightly modified in tint, after ex- 
posure to this gas. 

While steam does not harm the silk fiber appreciably, it 
ruins the fabric, so that this method of disinfection is totally 
inapplicable. 

vSkin. See Hands. 

Skins. See Leather. 

The sputum, not alone of the sick, but of 
Sputum. the well also, is often laden with the infec- 
tion of disease, especially pneumonia, pul- 
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monary tuberculosis, diphtheria, plague, and other affections 
of the air passages. 

Infection is spread by means of the sputum, especially 
when it dries and is disseminated by the air currents. An- 
other fruitful method of spreading diseases, the infection 
of which is found in the sputum, is by the act of kissing; 
also by using spoons, forks, cups, etc., which have been 
in the mouth of the sick or those whose sputum is infected, 
and shortly afterward used without being disinfected. There 
is still another way in which the sputum contaminates the 
air and the surface of objects — viz., in coughing, sneezing, 
speaking, and other acts of an explosive expiratory character 
the sputum is sprayed into the air often to a considerable 
distance, even a couple of yards from the mouth, and the air 
currents will carry the minute droplets to all parts of a room. 

The sputum should be kept well covered until it is dis- 
posed of. Simply keeping water in the bedside cups or in 
the cuspidors will prevent the danger of the dissemination 
of infection through the agency of dried sputum, though 
an antiseptic solution is to be preferred for this purpose. 

The best way to disinfect sputum is by heat. A small 
quantity may be placed directly upon the fire and burned 
up ; the same method is also most suitable for the handker- 
chiefs and other articles that have been used to hold the 
expectoration. 

Next to burning, boiling or steaming is the safest method 
of treating infected sputum. The boiling may be accom- 
plished in any appropriate vessel, and the steaming may 
be done in either streaming steam or in the autoclave under 
pressure. In hospitals and in private houses this method 
is recommended, care being taken not to heat the ordinary 
glass or glazed earthenware cuspidors too suddenly for fear 
of breaking them. 
17 
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The disinfection of sputum is difficult to accomplisli with 
the chemical solutions, on account of its dense consistency 
and tenacious character, which hinder penetration. Bi- 
chlorid of mercurj' solutions are entirely inapplicable to the 
disinfection of this material. The bichlorid coagulates the 
albuminous matter of the sputum and thereby prevents 
penetration, and by uniting with the albuminous substances 

Fig. S3. 



Autoclave for Dismf^cting Sputum. 

it is used up and rendered inert so far as its disinfecting 
powers are concerned. 

Carbolic acid in 5 per cent, solution may be used for the 
disinfection of sputum, but it cannot be considered trust- 
worthy because it coagulates the albuminoid matter, though 
not so energetically as bichlorid of mercury. Tricresol or 
lysol in 3 per cent, solutions is well suited for this purpose, 
or formalin in 3 to 5 per cent, solution, these substances to 
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be used in generous amounts and to be well incorporated 
and to remain in contact with the infected sputum no less 
than one hour. 

A very good apparatus for the disinfection and disposal of 
the sputum of hospitals, sanatoria, etc., consists of an auto- 
clave in which the material is steamed under pressure and 
at a temperature of 120^ C. The steam is admitted through 
the pipe S, Fig. 53, and after the completion of the process 
the disinfected mass is washed through the drain D into 
the sewer by water entering the autoclave at W. 

The disinfection of a stable requires a very 
StablBS. thorough application of all the resources at 

the hand of the disinfector. The conditions 
met with in a stable render its disinfection doubly hard, 
not only on account of the accumulation of organic filth, 
which has worked into the many crevices and saturated the 
woodwork, but on account of the high resistance of the an- 
thrax and tetanus spores, for which stables are sometimes 
disinfected. In addition to these diseases, stables require 
disinfection on account of tuberculosis, glanders, pleuro- 
pneumonia, and various diseases of man as well as those 
of the domestic animals. 

It is advisable to give the stable a preliminary fumigation, 
preferably with sulphur, in order to destroy surface infec- 
tion and the vermin which always infest these places. The 
preliminary disinfection is especially important in the case 
of plague, glanders, tuberculosis, or any of the exanthem- 
atous diseases, not only to prevent the spread of the infec- 
tion, but as a safeguard for the disinfectors. Then remove 
all small articles that need disinfection. The blankets should 
be wrapped in moist bichlorid sheets and boiled, steamed, 
or burned. Buckets, curry-combs, brushes, stall tools, and 
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other equipment that has been in contact with the sick 
animals or with infectious materials, should be mechanically 
cleaned with hot carbolic solution, in which they may be 
allowed to soak over night. Metallic and wooden objects or 
utensils should be given a thorough preliminary cleansing 
with a stiff brush and hot water and soap, and then boiled 
or immersed in a 5 per cent, solution of carbolic acid or 2 
per cent, solution of tricresol for several hours. Leather 
articles, as harness or equipment, should receive a similar 
preliminary cleansing and be scrubbed with either a strong 
solution of bichlorid of mercury or carbolic acid. 

All hay and grain should be removed from the racks and 
mangers, and all bedding from the floors. After its careful 
collection at some designated point this refuse should be 
saturated with petroleum and destroyed by fire. 

The stable must now be soaked with a strong antiseptic 
solution applied with a hose, or splashed on all surfaces by 
means of mops. The floors, corners, and stalls must be 
saturated with the solution. On account of the presence of 
so much albuminous matter, phenol or one of its derivatives 
is preferred for this purpose to sublimate solutions. Now 
scrape out the d6bris from all the cracks in the floors and 
walls; collect it for burning. Then clean the woodwork 
with hot lye or a strong alkaline soap solution, and follow 
with another general hosing with the antiseptic liquid. 

After several days' exposure to air and sunshine the interior 
of the stable should receive a fresh coat of whitewash, ap- 
plied thickly, and prepared from lime freshly burned shortly 
before the time of use. 

The watering troughs are very apt to be infected, espe- 
cially in dealing with glanders. In all instances, not only 
the troughs and watering buckets should be disinfected, 
but the water remaining in them, for often there is no drain 
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or sewer, and this water poured on the ground may be a 
source of subsequent infection. The water may first be 
disinfected by the addition of a suitable amount of any 
of the ordinary soluble germicides. The troughs are then 
to be mechanically cleaned, thoroughly removing all organic 
matter, and then applying a strong germicidal solution to 
both the inside and the outside. For metal-lined troughs 
the use of bichlorid of mercury is, of course, inapplicable, 
and for such carbolic acid, tricresol, formalin, or potassium 
permanganate is recommended. Most antiseptics are poi- 
sonous and must, therefore, be finally washed out of the 
trough or buckets by flushing with fresh water and then 
airing in the sunlight before they are again used. Strong 
carbolic solution or formalin should be poured down all pipes 
and drains. 

Sometimes the ground in the immediate vicinity of the 
stable will need some attention ; lime will generally be found 
most useful for this purpose. Carcasses and excreta are to 
be disinfected and disposed of according to the methods 
given under these titles. 

Great care must be exercised in disinfect- 
TabItEware. ing knives, forks, spoons, and dishes used 

by patients suffering from communicable 
diseases. Cholera, typhoid, tuberculosis, pneumonia, diph- 
theria, plague, and the exanthemata may be conveyed by 
inattention to this precaution. Tableware is most readily 
disinfected by scalding. 

It is seldom necessary to bum tents after 
Tbntage. exposure to any infectious disease, for they 

may be effectively disinfected by any of 
the following methods : 
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The tent is emptied of all its movable contents, each ob- 
ject being disinfected in accordance with methods appro- 
priate for it. The canvas is then thoroughly wetted from 
the inside with a 5 per cent, solution of formalin or carbolic 
acid or a I : 1000 solution of corrosive sublimate. The solu- 
tion may be applied with mops, brooms, or with a hand 
pump. The lower portion of the canvas walls, together 
with the sod-cloth, and the tent poles and flooring, should 
receive a particularly thorough wetting. Ordinarily the 
sunshine is a sufficient disinfectant for the outside of the 
tent. 

Another method, more difficult of application, but more 
thorough than the preceding, is to strike the tent; lay the 
canvas flat on the ground and scrub or saturate it with the 
hot disinfecting solutions mentioned above, preferably for- 
malin, which does not rot the canvas. Rinse well with clear 
water and allow to dry in the sunshine. Tents that can 
be tightly closed may be disinfected by a gas. In this case 
it is necessary to use a large excess of the gas and a longer 
exposure on account of the inevitable waste. Sulphur dioxid 
will rot the fibers of the canvas ; formaldehyd is therefore pref- 
erable. The tent, its poles, and floor should be exposed to 
the sunlight for several days and thoroughly dried before 
again being used. It is generally preferable to pitch the 
tent on fresh, uninfected ground. If that is not practicable, 
the space should be given a good sunning and may be liber- 
ally sprinkled with lime before the tent floor is again laid, or 
if the ground has been contaminated with discharges, it 
may be saturated with a germicidal solution. 

The urine is generally disinfected with 

Urine. the dejecta (see Excreta). It should always 

be disinfected in the case of cholera, typhoid 
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fever, and most of the communicable diseases, by adding suffi- 
cient carbolic acid to make a 5 per cent, solution, of bi- 
chlorid of mercury to make a i : 1000 solution, or formalin 
sufficient to be present in the proportion of 3 to 5 per cent. 

The disinfection of a vessel does not differ 
VBSSBLS. materially from the disinfection of houses 

and rooms. It should not, however, be 
attempted by one not familiar with the intricacies of ma- 
rine architecture, for many special conditions are met with 
on board ship that are very different from those found on 
shore. 

While the principles of disinfection as applied to vessels 
present nothing unusual, the application of these principles 
calls for much ingenuity and the keenest vigilance upon 
the part of the disinfector. 

It is important to enlist the sympathies of those on board 
with the necessity for the disinfection, for the successful 
accomplishment of the purification of the vessel may be ma- 
terially helped by the cheerful cooperation of the passengers 
and crew, otherwise the difficulties of the problem are greatly 
magnified. 

Formerly a distinction was made between the methods 
of disinfecting a wooden and an iron vessel. This arose 
from the fact that almost all wooden vessels have some 
rotten and spongy wood, especially about the fore-foot and 
bilge; there are also many more cracks and open joints 
about a wooden ship than a metal one, which afford lodg- 
ment for organic matter and infection. In addition to all this, 
a wooden hull is always damper than an iron hull, for almost 
all wooden vessels leak more or less. The micro-organisms 
are apt to be deeply lodged in the moist dirt and organic 
matter of the many crevices. A wooden vessel, therefore, 
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as a rule, requires a very thorough mechanical cleansing 
and a longer exposure to the germicidal agents to insure 
penetration and disinfection. 

While the general method of treating vessels is the same 
for most of the bacterial infections, special measures are 
called for with each disease. For example, with cholera 
particular attention must be paid to the water; for plague 
the destruction of the rats and other vermin is of prime 
importance; for yellow fever and malaria efforts must be 
directed against the mosquito; for smallpox and the ex- 
anthematous diseases the usual surface disinfection of the 
living apartments, the clothing, bedding, and the like, is 
required. 

A vessel is rarely so badly infected that it needs a disin- 
fection throughout. Just what portions of the vessel and 
its contents require treatment is often a very difficult prob- 
lem to solve. There is no more reason to fumigate the hold 
of a vessel because a case of smallpox appeared in the cabin 
or steerage, than there would be to disinfect the basement 
and sub-basement of a tenement house because a case had 
appeared in one of the upper stories of the building. WTien 
an infectious disease breaks out on board a vessel, the in- 
fection may be confined to one or two compartments or a 
limited area quite as successfully as may be done in build- 
ings on shore. **In case of doubt, disinfect" is not a bad 
rule for the quarantine officer to follow in his practical deal- 
ings with ships, for, after all, the measures which we take 
must from the nature of the case be greatly in excess of the 
absolute requirements. 

A great deal may be learned by a very thorough inspec- 
tion of the vessel. To be sure, we cannot see the germs 
with our unaided vision, but we can see the dirt and moisture 
and other conditions which favor their life and virulence. 
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It is, therefore, the duty of the quarantine officer, or 
whoever has charge of the disinfection of the vessel, to re- 
quire a very thorough mechanical cleansing of all its parts 
which in his judgment require it. This matter is dwelt upon 
with emphasis in the purification of vessels, because filth 
is a condition too frequently met with on the sea, and one 
of great importance to communities and nations. The in- 
troduction of an exotic pestilence is a very serious matter 
to a community, and it is just such infections that are spread 
from land to land by vessels. 

The disinfection of a large vessel cannot effectively be 
done without all the modem contrivances of a well-equipped 
quarantine station. A rowboat, a latmch, or small sailing 
craft may be disinfected with a tub of bichlorid solution, 
but good work cannot be accomplished on larger vessels 
by the use of makeshifts. 

Before the disinfection of a vessel is commenced it should 
be brought alongside the pier or barge containing the neces- 
sary appliances. All the passengers are then to be taken 
off, and all the crew, only excepting the few who are neces- 
sary for the safety of the vessel and those who are to help in 
the disinfection. The quartermasters, the boatswains, and 
the carpenter are very useful hands to aid in the process, on 
account of their practical knowledge of the individual pecu- 
liarities in the construction of the vessel and their intelligence 
in carrying out directions with faithfulness. 

When the personnel have left the vessel, all their effects 
are removed and disinfected in accordance with the methods 
outlined for objects of that class. 

The baggage, bedding, and other objects, no matter what 

their character, after disinfection should not be returned 

on board until the vessel itself is finished. This injunction 

applies, of course, equally well to persons. No one should 
18 
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be allowed on the vessel except those actually engaged in 
the work, who as far as practicable should be immune, and 
should wear suitable garments. 

All the bedding, bed clothing, hangings, floor runners, 
and other fabrics must now be removed to the steam cham- 
bers for disinfection. 

Especial care must be taken to obtain all the used and 
soiled linen, which is usually kept in special compartments 
called the ** dirty linen lockers," and are under the care of 
one of the stewards. For some reason the stewards who 
have this material, which is so apt to be infected, in their 
care, dislike to disclose its presence to the quarantine 
officer. 

After all the objects needing disinfection by a special pro- 
cess have been removed, attention is then directed to the 
vessel itself. The various compartments of the vessel may 
be disinfected by any of the methods described under room 
disinfection. 

A favorite way of disinfecting the forecastle, the steerage 
compartments, quarters for petty officers and similar apart- 
ments, is by flushing them with a bichlorid solution. This 
may be applied with a force pump, by mops and buckets, or 
by tricing up a tub of solution sufficiently high to give a 
good pressure. In applying the disinfecting solution with 
a hose, begin at one end of the deck ceiling and systemati- 
cally flood every inch of surface, coming down the walls and 
finally the floor. Apartments that are very dirty will need 
a mechanical cleansing either with a lye solution and stiff 
brush, or with a carbolic or sublimate solution, depending 
on circumstances. 

The cabins, saloons, and similar apartments usually con- 
tain metal and bright work, which are ruined by bichlorid 
or sulphur. They must, therefore, either be given a for- 
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maldehyd fumigation or a washing down with a 5 per cent, 
carbolic acid solution. 

In disinfecting large vessels it is well to start forward 
with the forecastle and work aft systematically, first on the 
starboard and then the port side, taking care to require 
every door to be unlocked, and trusting only to a personal 
inspection concerning its contents and uses. There are cer- 
tain places, like the lamp room, the paint locker, the sail 
locker, the chain locker, the carpenter shop, the chart room, 
and pilot house, the engine and boiler rooms, all the 
machinery, and the like, that are rarely infected and, as 
a rule, need no treatment. Special care must usually be 
directed to the sick bay and any apartment in which a 
patient was cared for, and all the living apartments, espe- 
cially the steerage. 

The water-closets on board ship should be thoroughly 
cleansed and flushed with water and disinfected with milk 
of lime or any of the disinfecting solutions. They may be 
hosed with the bichlorid solution while that is being applied. 
In sailing vessels of the older type the forepeak needs similar 
treatment. 

The Hold. — About the best way to disinfect the holds of 
vessels is by sulphur fumigation or by a solution of corrosive 
sublimate applied with a hose. It is often desirable to use 
both methods, in which case the sulphur should always pre- 
cede the hosing in wooden vessels, because the water may 
seal many of the cracks and thus prevent the gas penetrating. 

In the hold, attention must be given to the bilges. They 
may be flushed with carbolic or formalin solutions and then 
pumped out. Care must be taken in using bichlorid solution 
for fear of injuring the pump. 

Before applying sulphur dioxid to the hold of a wooden 
vessel open all the limbers and air streaks, so that the gas 
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may penetrate between the skin and the hull. If the sulphur 
is burned in iron pots, set them in a pan of water, which will 
guard against fire and by evaporation give the requisite 
amount of moisture necessary for the germicidal action of the 
gas. Place the pots in an elevated position, either on piles 
of ballast or on the 'tween decks, because the sulphur fumes 
first rise, afterward fall, and if the pots are near the bottom, 
the fire may go out for want of oxygen. In leading sulphur 
fumes into the hold from a sulphur furnace by means of a 
system of conduits and pipes, it is considered best to lead 
the pipes down the hatch well toward the bottom of the 
hold, so that the apartment may fill up with the fumes from 
the bottom, displacing the air above. For this reason open- 
ings above for the escape of the air must be provided. This 
is best managed by leaving open one or two of the ventilators, 
or part of the hatch, and after the gas has begun to escape 
in some quantity to close up tight. 

In disinfecting a ship it is very easy to calculate the amount 
of sulphur to be burned from her tonnage. A register ton 
is 100 cubic feet. Count half a pound for each ton, which 
will make the necessary 5 pounds per 1000 cubic feet. 

The gross tonnage of a vessel indicates her actual cubic 
capacity. The net tonnage gives the capacity of her cargo- 
carrying space. The difference between the two will give 
the capacity of the spaces devoted to the engines and ma- 
chinery, living apartments, and storerooms, etc. In sailing 
vessels and in freighters the net tonnage may be taken as 
the cubic capacity of the hold. 

In freight vessels 40 cubic feet of merchandise is considered 
a ton, provided the bulk does not weigh more than 2000 
pounds. This ton used as a commercial unit for freight 
charges must not be confused with the registered tonnage 
based upon the measurement of the vessel. 
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The holds of vessels infected with yellow fever should 
always be given a preliminary fumigation with sulphur 
before they are inspected, in order to kill the mosquitos and 
thereby protect the quarantine oflScer and his employees 
from infection. 

The empty hold of an iron steamer may be disinfected 
by steam, provided the hold is above the water line. The 
compartments of such vessels often have steam pipes for use 
in case of fire. The same system may be utilized for the 
disinfection of the compartment or for the disinfection of 
clothing and other fabrics by streaming steam. 

The water tanks and casks of vessels are very apt to carry 
infection. The water itself may be infected with cholera, 
typhoid, dysentery, or other water-borne infections ; or the 
water may contain mosquito larvae, which may play serious 
havoc in case of yellow fever or malaria. It is, therefore, 
necessary in the first case to disinfect the water by adding 
formalin (i per cent.) or carboUc acid (3 per cent.) and let 
it stand several hours before disposing of it. Sometimes 
the water may be boiled in situ by leading a steam hose 
into the tank. In the case of mosquito larvae it will be 
necessary to use petroleum or one of the other insecticides. 
If the harbor is on salt water the water containing the larvae 
may be spilled with safety into the water, as neither the 
anopheles nor the stegomyia will develop in salt water. 

Cargo, — As a rule the cargo of a vessel infected with a 
pestilential disease need not be disinfected. There is no 
reason to consider the cargo of a vessel that has had a case 
of cholera, or smallpox, or typhus fever, or the like, on board, 
as having been contaminated, because, as a rule, the cargo 
hatches are kept well battened down during the voyage 
and there is little or no communication with the infection. 
Individual articles of the cargo, such as rags, household 
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goods, second-hand articles, or food products, from infected 
localities may need treatment. New articles of merchan- 
dise or new manufactured goods seldom carry infection. 

There is one exception to this, in the case of a vessel in- 
fected with plague. In such a ship the rats carry the infec- 
tion deep down among the cargo and in and about the bilges. 
It is very important not only to destroy the rats, but also 
to dispose of their dead bodies without allowing the infec- 
tion to spread. This can best be done by a process of frac- 
tional disinfection, which is done as follows : 

After a preliminary sulphuring overnight, some of the 
cargo is placed upon a lighter, carefully examining every 
piece, as it is strapped preparatory to hoisting out of the 
hold, for dead or live rats. Bales of cotton, feathers, and 
rags, and similar articles must be inspected for nests. The 
unloading should only be done during daylight. At night- 
fall the hatches are again battened down and the fumigation 
is repeated. The process is continued by alternately un- 
loading by day and fumigating by night until the hold is 
empty. The cargo upon the lighter should be freely ex- 
posed to the sun for one or two days before it is taken to 
the dock. It needs no other disinfection. 

This is a rather expensive and tedious process, but there 
is no other way known by which the cargo may be removed 
from a plague-ridden vessel without allowing the infection 
to escape. The dead rats found upon a plague ship should 
not be handled while the bodies are still warm for fear of 
the fleas which may carry the infection. In any event it 
is well to first saturate the bodies of the rats and a consid- 
erable surrounding area with a strong disinfecting solu- 
tion or insecticidal gas, when they may be taken up with 
tongs or with the hands protected by gloves or towels 
wrung out in a disinfecting solution. 
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Ballctst. — Vessels bring two kinds of ballast: 

1. Water. 

2. Solids. 

Water ballast is particularly dangerous when it has been 
obtained from a river, fresh-water lake, or other body where 
cholera, typhoid fever, or dysentery prevails. It is a rule in 
quarantine practice to require vessels in fresh-water ballast 
from cholera-infected districts to return to the open sea, 
where the ballast tanks are pumped out and refilled with salt 
water. Some one should be sent along to see tliat the pro- 
cess is properly carried out. 

It is not always expedient to send a vessel to sea, but 
whether the water ballast is pumped into the river or harbor 
or at sea, there should first be introduced into each tank, 
if practicable, a sufficient quantity of formalin or carbolic 
acid to make a strong germicidal solution, and this should be 
left several hours before it is pumped out. 

Ballast Consisting of Solids. — Vessels bring the greatest 
variety of substances as ballast. The kind which is most 
apt to carry infection is called sand by the captain, but an 
inspection of this **sand*' will discover the fact that it con- 
sists largely of the street sweepings and rubbish from the 
port from which the vessel hails. Such ballast should under 
no circumstances be unloaded on the city front, especially 
if it comes from an infected district. Ballast which con- 
sists of clean, hard rock, or sand from the beach is not apt 
to carry infection of any kind and usually needs no atten- 
tion from the quarantine officer. 

It is difficult to dispose of ballast, because most vessels, 
particularly sailing craft, depend upon this weight for their 
upright position. Almost all harbors have rules forbidding 
the dumping of ballast and other materials in the harbor; 
it is, therefore, necessary to have what is known as a ballast 
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wharf to successfully handle this perplexing problem. The 
ballast is removed from a portion of the hull, which is then 
disinfected and refilled with a sufl5cient quantity of new 
ballast from an unquestionable source. This is repeated 
until all the old ballast has been removed. In case a vessel 
arrives with such ballast at a port where there is no ballast 
wharf, the ballast may be placed upon lighters, which are 
dumped at sea, or the vessel may be given enough additional 
ballast to enable her to go to sea in order to jettison her in- 
fected ballast. In the latter case care must, of course, be 
taken to trim the two kinds of ballast so that they will not 
come in contact. 

Wagons. See Carriages; also Railroad Cars. 

The walls and ceiling of a room are as a 
Walls. rule infected only superficially, and may 
be eflfectively disinfected by one of the gase- 
ous processes. Such surfaces may also be disinfected by 
washing down with bichlorid or carbolic solutions, prefer- 
ably hot and applied by means of a hose or any other method 
that will thoroughly wet the surface. The solution is al- 
lowed to remain until it dries and is followed by a mechanical 
cleaning. When practicable, it is better to scrub or mop the 
wall with the hot disinfecting solution, by means of brushes, 
cloths, etc. The spraying of walls and other surfaces with 
a very fine spray of corrosive sublimate solution or any other 
material that is not volatile at the ordinary temperatures 
is a very faulty method, for the entire surface is not wetted 
and portions thus escape disinfection. In applying a solu- 
tion with a hose it is always advisable to begin with one 
comer of the ceiling, and systematically wet every portion 
of the ceiling, walls, and floor from above downward. This 
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method is particularly applicable to the holds and com- 
partments of vessels, to freight cars, outhouses, cellars, 
water-closets, wooden buildings, and other rough structures. 

A very effective method of disinfecting the walls and other 
surfaces of a room is to spray them liberally with a strong 
formalin solution with a Behm's sprinkler (see page 113), 
or to wet the entire surface with a weaker solution (5 per 
cent.). The operation must be done quickly and the room 
immediately tightly closed and kept so at least twelve hours. 

Outhouses, water-closets, cellars, and similar rough sur- 
faces, after a preliminary disinfection or cleansing, may 
with advantage be coated with whitewash made from 
freshly slaked lime, which in itself is a good disinfectant. 

In Germany the method of rubbing the walls with fresh 
bread has been proposed, but it is tedious, expensive, and 
not reliable. 

Water is one of the principal means of 
Water. spreading the intestinal diseases, such as 
cholera, typhoid, dysentery, and the like. 
Small amounts intended for drinking and culinary purposes 
may be rendered safe by filtration or by boiling. The addi- 
tion of chemicals is not generally advisable. Water may be 
filtered through kaolin (Pasteur-Chamberland), or similar 
filter of fine diatomaceous earth (Berkfeld), so that it is 
sterile and entirely harmless so far as its power of conveying 
disease is concerned. Filters, however, should not be de- 
pended upon in a household, for the reason that they are 
untrustworthy, and thereby give a sense of false security. 
The best filter will only work bacteriologically pure a week 
or two, when the microbes grow through the pores of the 
filter. Further, while filters are theoretically perfect, they 
often have imperfections in construction, such as imperfect 
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joints, or pinholes, or cracks. Such filters deliver a clear, 
sparkling-looking water, in which, however, lurk the same 
germs foimd in the raw water. 

For household use the best method of treating an infected 
or suspected water is first to filter it with any process that 
will clarify the water and then to boil it. It should be thor- 
oughly boiled for ten or fifteen minutes. Many people ob- 
ject to boiled water because is tastes flat. This is owing to 
the dissolved air being driven out by the boiling, which 
may be obviated by shaking or by agitation with an egg 
beater, or by other mechanical means so that the air may 
again become dissolved, which gives the water life and makes 
it palatable. 

It is a mistake to boil water first and then filter it. The 
opposite should always be done. The filtering is too un- 
certain and should not be depended upon for more than 
taking out the coarser particles in suspension. 

Water that is infected or suspected of being infected with 
cholera, typhoid fever, or other pathogenic micro-organisms 
on board a ship, or in casks or cisterns must be disinfected 
before it is disposed of. This may be done by adding forma- 
lin 3 to 5 per cent., allowing it to remain several hours. On 
board ship the water can sometimes be boiled in situ by 
leading a steam hose right into the tank. 

The water used for bathing the patient 

Water, is often contaminated, especially by cases 

Bathing, of typhoid fever, cholera, the exanthemata, 

etc. Such water should be disinfected be- 
fore being allowed to flow away. This may be done cheaply 
by adding milk of lime in the proportion of i : 50; or carbolic 
acid sufficient to make a 3 per cent, solution and allowing 
it to stand an hour. Formalin is useful for this purpose and 
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should be added so that the 40 per cent, formalin solution is 
present in the water in the proportion of 3 to 5 per cent. 

Bichlorid of mercury should not be used in metal tubs or 
where the water flows through lead pipes or soldered joints. 

Water Tanks. See Vessels. 

The water pipes become infected either 
Water Pipes, from the water that flows through them or 

from breaks, leaky joints, etc. The entire 
system of a city may be involved, or the short lead of a local 
supply. After the source of the trouble has been corrected, 
the pipes must be disinfected before the water coming from 
them can be considered safe. For this purpose it is desir- 
able to use something that is not poisonous. Formalin or 
milk of lime is best suited, though carbolic acid has been 
used. Bichlorid of mercury is too poisonous to be considered 
in this connection and, besides, it must not be used where 
there is lead piping. 

In Nietleben, Koch disinfected the entire system of the 
town by introducing a 3 per cent, solution of carbolic acid 
into the pumps, and allowing it to flow into all portions of 
the pipes, where it remained twenty-four hours. The car- 
bolic acid was then washed out with water. This has the 
disadvantage that the water will taste of the carbolic acid 
for a long time. 

Milk of lime is effective, but has the disadvantage of tend- 
ing to obstruct the pipes. Formalin is expensive, but is 
preferable for this purpose on account of its high efficiency, 
its quickness, and its non-poisonous character. Formalin 
is particularly applicable to the disinfection of the water 
pipes of wells, cisterns, and small supplies of this char- 
acter. ... 
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The only trustworthy way of rendering the 

Wells and water from an infected well or cistern safe 
Cisterns, is to boil the water before using it, and to 

correct the evil at its source. It is not 
necessary to emphasize the fact that, where possible, all sus- 
picious water-supplies should be avoided; but circumstances 
may arise by which a well or cistern, the only readily avail- 
able source of water-supply for an isolated camp, quaran- 
tine station, farm-house or ship, may be infected and seri- 
ously inconvenience the users of the water, unless some safe 
remedy is at hand. It is practicable to disinfect wells and 
cisterns provided the contamination is not continuous or 
repeated. The method to be used varies, depending upon 
whether the scarcity of water necessitates the use of the 
infected water itself or whether a new supply may be at 
hand. 

If the infected water must be used it should be boiled. 
No other method of purifying it, such as filtering or adding 
potassium ' permanganate, etc., should be tnisted. If the 
well or cistern mav be disinfected with its contents and the 
water then discharged, one of the following procedures will 
be safe: 

The best disinfectant for this purpose is formalin, on 
account of its high eflSciency and its non-poisonous nature. 
Enough of the strong (40 per cent.) formalin should be added 
so that it wiU be present in the proportion of at least i per 
cent. After standing several hours the well or cistern should 
be thoroughly washed with the solution, not overlooking 
the walls of the well, which must be given a very thorough 
mechanical scrubbing with a stiff broom and plenty of the 
disinfecting solution. All parts of the pump, if there is one, 
and the piping must be purified with the solution. 

The disinfection of wells may also be accomplished by 
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the use of freshly burned lime. About half a barrel of lime 
is thrown into the well, stirred up with the water, and the 
walls are scrubbed down with the resulting milk of lime. 
The well is then pumped out, cleaned, allowed to refill, and 
a second supply of lime added ; after which the well is allowed 
to stand for twenty-four hours. After a thorough stirring 
the solution is then pumped out and the well is allowed to 
refill and is re-emptied until the water is practically free 
from lime. 

Wells and cisterns may also be disinfected with carbolic 
acid, or any of the cresols, or potassium permanganate, but 
no chemical is as quick and safe for this purpose as formalin. 

The raw wool may be steamed, boiled. 
Wool. or immersed in one of the disinfecting solu- 
tions. The objection to using boiling water 
or steam upon woolen fabrics is due to their tendency to 
shrink. The better grades of woolen cloth are "sponged" 
— that is, steamed — ^before being made into garments, and 
such articles may be disinfected by steam, provided that 
care is taken to prevent them being pressed or pulled out of 
shape in the process, and provided that care is exercised to 
place them in the steam chamber so that they will not be in 
contact with any of the metal parts, and also provided that as 
soon as the process is over the articles are stretched and 
shaken in the air while still steaming hot. 

Woolen articles that are injured by steam or hot water 
may be disinfected without injury by formalin or formal- 
dehyd gas, according to the methods already given for the 
application of these substances. In the disinfection of woolen 
goods with formaldehyd gas it is important to use an excess 
of the gas and a long exposure, — preferably twenty-four 
hours, — ^for the reason that the organic matter of the woolen 
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fiber absorbs large volumes of formaldehyd, which not only 
consumes appreciable quantities, but hinders penetration. 
The combination of formaldehyd with dry heat, as described 
on page no, is particularly suitable for the disinfection of 
woolens, without injuring them in any way. 



CHAPTER VI. 

DISINFECTION FOR THE COMMUNICABLE 

DISEASES. 

TYPHOID FEVER. 

Typhoid, or enteric fever, is a widespread communicable 
disease, frequently occurring in severe epidemics. 

The symptoms of the disease are very inconstant. A 
typical case is marked by a continued fever lasting about 
four weeks, a rose-colored eruption, diarrhea, abdominal 
tenderness, tympanites, and enlargement of the spleen. 

The period of incubation is variously stated from eight 
to fourteen days, sometimes twenty-three. 

The cause of typhoid fever is a short, actively motile rod, 
called the Bacillus typhosis, sometimes the Eberth bacillus, 
in honor of its discoverer, who described the organism in 
1880. 

The bacillus of typhoid fever does not have spores. 

The organism is taken into the mouth, passes into the 
intestinal canal, where under favorable conditions it grows 
and multiplies, invading the system, giving rise to the lesions 
and the symptoms of the disease. A catarrhal condition 
exists throughout the small and large intestines, and the 
lymph follicles become swollen, hyperplastic, and may 
ulcerate. The bacillus is readily found in the inflamed 
lymphoid tissue, also in the rose-colored eruption, the en- 
larged spleen, and mesenteric glands. The bacillus fre- 
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quently invades the blood, and may be found widely dis- 
seminated throughout the organs and tissues of the body. 

The typhoid bacillus produces a soluble poison in the 
course of its growth, called typho-toxin. It is this poison 
which is largely responsible for the fever, the inflammation 
of the lymphoid elements of the body, the effect upon the 
heart and nerves, and the more serious features of the 
disease. 

The bacillus of typhoid fever is eliminated from the body 
in the stools, the urine, and sometimes in the sputum, so 
that practically all the discharges from the body may con- 
tain the infective agent and must be disinfected in order to 
prevent the spread of the disease. 

The discharges from the patient contaminate the water, 
the milk, and the food-supply. It is largely in this way 
that the disease is spread from the sick to the sound. Ty- 
phoid fever may be communicated through the medium of 
articles of diet other than the water and the milk. For 
instance, green vegetables, such as salads, radishes, celery, 
and the like, that are eaten without previous cooking, may 
be contaminated with infected water or soil that has been 
fertilized with the human manure. Raw oysters have also 
been known to set up several small epidemics of the disease. 

There is little evidence to show that typhoid fever is air- 
borne, or that the infection is, as a rule, taken into the system 
in any other way than by the mouth. This is a very im- 
portant fact in applying our disinfecting agents for the sup- 
pression of the infection. It is true that pulmonary forms 
of the disease without intestinal lesions have been reported, 
but such instances seem to be exceptional. 

Flies are responsible for much of the spread of typhoid 
fever. They breed in and feed upon the dejecta and the 
infected discharges, thereby conveying the infection di- 
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rectly to the food-supply. It is easy to understand how 
flies, and other insects with similar habits, carry the typhoid 
bacilli smeared upon their feet and bodies, as well as in their 
intestinal contents, thereby contaminating the meat, the 
butter, and other foods, especially the milk, in which this 
organism grows so well. A can of milk contaminated with 
a few typhoid bacilli may, in a few hours, at ordinary tem- 
perature, be teeming with the infection, without producing 

Fig. 56. 




Typhoid Bacillus with Flagslla. 

any apparent change in the milk. Flies, by alighting upon 
our lips or other portions of our body, may be the means 
of introducing the infection more directly into our mouths. 
The importance which flies play in spreading the infection 
of typhoid fever is not realized. This factor must always 
be taken into account in applying our disinfectants and 
other means to limit the spread of the infection. 

The typhoid bacillus is a hardy organism. It is found in 
the water, the soil, the air, the dust, sewage and in the 
19 
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milk, as wcil as upon soiled clothing, etc., contaminated 
directly or indirectly by the discharges of the sick. It finds 
abundant conditions in nature for its growth and develop- 
ment and enjoys the power of accommodating itself more 
readily to environment than the majority of the pathogenic 
bacteria. For instance, the addition of from o.i to 0.3 per 
cent, of carbohc acid to the culture media does not retard 
its growth and development. It may retain its vitality for 

Fig. 57. 



three months in distilled water, which indicates what a 
minute amount of organic matter is necessary for the life 
of the typhoid bacillus. 

A moist temperature of 60° C. will kill the bacillus of 
typhoid fever in ten minutes, and boiling water or steam at 
a temperature of 100° C. will destroy the vitality of the 
bacillus at once. It usually dies quickly when dried, al- 
though it has been kept alive several months on fabrics. 
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It is apparently not aflfected by freezing. It soon dies when 
exposed to tie bright, direct rays of the sun. 

Pormaldehyd and sulphur dioxid kill this bacillus in the 
strengths and times stated for the employment of these gases. 

All the ordinary germicidal solutions in the strengths 
given for the destruction of non-spore-bearing bacteria are 
efficient disinfectants for the typhoid bacillus ; for example, 
bichlorid of mercury i : looo, carbolic acid 3 to 5 per cent., 
formalin 3 to 5 per cent., tricresol i per cent., etc. 

The disinfection for typhoid fever begins with the destruc- 
tion of the infection in the discharges as they leave the body, 
before they have a chance to contaminate the surroundings, 
the water or food-supply. 

The evacuations from the bowels should be received in a 
vessel containing a 5 per cent, solution of carbolic acid, 2 
per cent: tricresol, or 5 per cent, formalin. More of the 
solution must be added afterward so that it is present in 
equal volume and thoroughly incorporated throughout the 
mass. The mixture should stand one hour before it is dis- 
posed of. Bichlorid of mercury is not suitable for the de- 
struction of the infection in the dejecta on account of its 
property of coagulating and combining with the albuminous 
matter, which prevents its penetration. Lime and its various 
compounds are cheap and efficient disinfectants for this 
purpose and the methods for their use are given on page 
202. 

The urine frequently contains the infective agent of the 
disease and is usually disinfected with the evacuations from 
the bowel. If passed separately it may be disinfected by 
adding suflScient bichlorid of mercury to make a i : 1000 
solution, or carbolic acid 3 to 5 per cent., tricresol i per cent., 
or formalin 3 to 5 per cent., and allowed to stand one hour 
before it is discarded. 
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The sputum will also need treatment as it frequently con- 
tains the typhoid bacillus. The proper methods of disinfect- 
ing the sputum have been given upon page 226, and need 
not be repeated here. 

All materials that have become contaminated with the 
discharges from a case of typhoid fever must be disinfected 
by appropriate methods. This applies especially to the 
towels, bedding, and other fabrics used about the case. As 
boiling water or steam destroys the vitality of the typhoid 
bacillus instantly, either of these methods is particularly 
applicable to the disinfection of objects of this class. If 
the bedding is not soiled it may be immediately boiled, 
otherwise it must be treated so as to take out the albuminous 
materials in order to prevent indelible staining, resulting from 
the coagulation and fixing of these materials in the fabric. 

The bedding and fabrics contaminated with the infection 
of typhoid fever may also be disinfected by immersion in 
one of the germicidal solutions mentioned above. 

The bedding should be changed frequently and every- 
thing about the sick-room kept clean and fresh. The room 
should be well ventilated and the floor and surfaces kept 
clean and free from infection by frequent mopping with a 
I : 1000 bichlorid solution. The patient himself will need 
scrupulous attention and careful nursing in order to keep 
his skin clean. The mouth and lips need frequent washing 
with listerine, boracic acid, or other mild antiseptic solu- 
tions. The buttocks must be cleansed and washed with a 
I : 1000 bichlorid solution, and the rags used for this pur- 
pose had best be burned. 

The food may be disinfected by thorough cooking and the 
milk by boiling or Pasteurization, which consists in heating 
the milk to a temperature of 70° C. for half an hour and then 
chilling it suddenly. After the food and nulk have been 
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disinfected it is important to guard against their recon- 
tamination, by contact with infected water or by flies. 

The spoons, cups, and other tableware should be scalded 
before being used again, and the remnants of food remaining 

Fig. 58. 



A Stick Culture of the Typhoid Bacillus im Gelatin. 

from the patient's meal should be burned or boiled before 
being thrown out. 

The hands of the nurse and others who come in contact 
with the patient or his discharges must be very carefully 
disinfected by immersing them in one of the germicidal 
solutions (see page 209). This procedure is important from 
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a general standpoint of preventing the spread of the disease, 
but is doubly important on the farm or dairy, where the 
same hands that nurse the sick or handle the dejecta after- 
ward milk the cows. 

Tlie sick-room should be carefully screened to prevent 
the annoyance as well as the danger of flies. Any insects 
found in the room should be caught and burned. 

In cases where the above precautions have been intel- 
ligently carried out there is no reason to fear the spread of 
the infection, and it is not necessary to practise a general 
disinfection with one of the gases. In fact, both formal- 
dehyd gas and sulphur dioxid are of little practical use in 
combating an infection that is taken into the body through 
the alimentary canal and not the respiratory system. In 
other words, it is more important to boil the drinking water, 
and to thoroughly cook the food, and to Pasteurize the 
milk, and to protect against the infection carried by flies, 
than to attempt to destroy with one of the gases the typhoid 
bacilli that may contaminate the surfaces of exposed ob- 
jects. 



CHOLERA. 

Cholera is a communicable disease native to India, where 
it is always present, sometimes existing in widespread and 
very fatal epidemics. From time to time it is transported 
along the lines of travel and commerce to all parts of the 
world. Many severe epidemics have been caused in seaport 
towns bv the introduction of a few cases on a vessel. Cholera 
is often called Asiatic cholera on account of its home in 
India, and to distinguish it from cholera nostras, cholera 
morbus, and other forms of non-communicable afi'ections 
with choleraic symptoms. 
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A typical case of cholera is characterized by violent purg- 
ing, cramps, rice-water discharges, and rapid collapse. 

The period of incubation varies from a few hours to five 
days. 

The disease is due to the "comma bacillus" discovered 
by Koch in 1 883-1 884; This micro-organism is curved or 
spiral-shaped and is therefore now called the Spirillum 
cholera asiaiiccB. It is actively motile, and grows very well 
on alkaline media containing the slightest trace of albu- 
minous matter, at ordinary temperatures as well as at the 
temperature of the body. 

The spirillum of cholera does not have spores. 

In the body the infection is confined to the alimentary 
tract. The cholera spirillum is practically always intro- 
duced into the system in the drinking water or with the 
food. It may also be introduced into the mouth by means 
of the hands or other objects that have become soiled with 
the infection. Of all the diseases of man that occur in epi- 
demic form cholera is the type of the water-borne infections. 
There can no longer be any doubt but that the great out- 
breaks of this disease in large communities are always due 
to the contamination of the drinking water. The spirillum 
of cholera grows well in milk, and will keep alive and viru- 
lent a long time in moist albuminous food-stufifs, so that 
articles of food may spread the infection as well as the water. 
Vegetables and fruits are apt to become infected with the 
polluted water or from other sources, and if eaten raw may 
cause the disease. 

The flies play a similar r61e in spreading the infection of 
cholera that they do in typhoid fever. 

After the cholera spirillum passes the acid juices of the 
stomach, it grows and multiplies in such enormous numbers 
in the intestines that every drop of the mucous discharges. 
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from the intestines may contain myriads of the organisms. 
During the course of its growth and multiplication it pro- 
duces a poison or toxin which gives rise to the diarrhea, 
vomiting, cramps, and prostration which characterize the 
disease. The spirillum of cholera remains confined to the 
intestinal canal. It does not invade the blood, and is there- 
fore only eliminated from the body in the matters passed 
from the bowels, and sometimes in the vomit. 

The cholera spirillum is somewhat less resistant to ex- 
ternal influences than the typhoid bacillus, and the same 
agents used for the destruction of the typhoid bacillus may 
be used for the destruction of the infection of cholera. 

Fig. 61. 





9 



Colonies of the Spirillum of Cholera after Twenty-four, For- 
ty-eight AND Seventy-two Hours* Growth on Gelatin 

Plates. — {Curtis,) 



A moist heat of 65° C. will kill the spirillum of cholera 
in five minutes. Boiling water or steam at 100° C. kills 
the infection almost instantly. Most authorities agree that 
it dies quickly when dried, usually in from three to four 
hours. In a moist condition it retains its vitality for months, 
especially in the presence of organic matter, but it soon loses 
its virulence. The sunlight is also quickly fatal. 

The organism may live a long time in water, as may well 
be imagined from the fact that the disease is water-borne. 
In fact, it has been shown that if planted in sterilized water 
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tbis organism grows with great rapidity and can be found 
alive after months have passed. 

Pormaldchyd and sulphur dioxid kill the spirillum in the 
strengths and times stated for the employment of these 
pises. 

All the ordinary germicidal solutions used in the strengths 

given for the destruction of non-spore-bearing bacteria are 

Fig. 63. 



Spikilluu of Cholkka Growihcin Gblatin, Showing LiQucrAcrioN. 

efficient disinfectants for the cholera spirillum. For ex- 
ample, bichlorid of mercury i : looo, carbolic acid 3 to 5 
per cent., tricresol 1 per cent., formalin 3 to 5 per cent., etc. 
The disinfection of cholera begins at the bedside. In 
general the measures and methods described to prevent the 
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dissemination of the infection of typhoid fever are appli- 
cable for cholera, and need not be repeated in detail. 

Most important is the destruction of the infection in the 
stools and in the vomited matter. For this purpose use 
formalin 5 per cent., carbolic acid 5 per cent., tricresol 2 
per cent., or lime, and thoroughly incorporate the disin- 
fectant throughout the mass and allow it to remain covered 
one hour. The above substances are considered the most 
trustworthv for the disinfection of these materials in small 
amounts, but in their absence other germicides mentioned 
in the article on excreta (page 202) may be used. Bichlorid 
of mercury is not applicable for this purpose on account of 
its lack of penetration in the presence of albuminous matter. 

All the bedding, body linen, towels, and other fabrics that 
have in any way come in contact with the patient, or his 
discharges should be immediately boiled, steamed, or im- 
mersed in one of the disinfecting solutions. The hands of 
the nurse and the body of the patient must also be kept 
clean and free from infection by frequent use of one of the 
disinfectants applicable to this particular purpose. 

The excreta and all objects that have become contami- 
nated must be disinfected at once, or, if this is not possible, 
they must be carefully protected from the flies and other 
insects. 

When cholera prevails or is present in epidemic form, it 
is essential to boil all the drinking water and thoroughly 
cook all the food. More than this, it is important not to eat 
or drink out of cups or plates that have been washed with 
the infected water. All the tableware must be scalded, 
the milk boiled or Pasteurized, and no green vegetables, 
such as salad, radishes, celery, and the like, partaken of, 
unless first treated with tartaric acid and washed as de- 
scribed on page 207. 
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There is no need to practise disinfection with one of the 
gases after a case of cholera where the above precautions 
have been carried out. If through ignorance or neglect 
the infection has contaminated the room and its contents, a 
general disinfection may be done with formaldehyd gas or 
sulphur dioxid according to the methods described for apply- 
ing these agents for non-spore-bearing infections. 

So well do we know the habitat of the cholera spirillum in 
nature, as well as its channels of introduction into and dis- 
charge from the body, that we can apply our germicidal 
agents with great accuracy and with every assurance of 
destroying the infection and limiting the spread of the dis- 
ease ; in fact, our methods have reached such a satisfactory 
state that it is possible to live in the midst of a raging cholera 
epidemic without contracting the disease. 



DYSENTERY. 

Dysentery is a communicable disease, occurring in wide- 
spread epidemics with great fatality, especially in the tropics 
and warm climates. The disease is characterized by an in- 
flammation of the lower bowel, accompanied with frequent 
and painful stools, often bloody. The symptoms of dysentery 
may result from one of many different irritating poisons, but 
the communicable dysentery with which this article deals is a 
specific disease, due to a definite living entity, the Bacillus 
dysetUeruB, described by Shiga in 1 899. It is a short, actively 
motile rod, closely resembling the bacillus of typhoid fever. 

The bacillus of dysentery does not have spores. 

It is believed that dysentery is transmitted in very much the 
same way that typhoid fever is. The cause of the disease 
is taken into the intestinal tract usually with the drinking 
water. The milk and food may also convey the infection. 
As the poison is excreted from the body in the evacuations 
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from the bowels it is reasonable to suppose that the flies and 
other insects may play a part in disseminating the infection. 

The vitality of the bacillus of dysentery is precisely similar 
to that of typhoid fever, and the principles of disinfection 
are the same as for that disease, so that it is not necessary 
to repeat them here. 

Another form of communicable dysentery prevalent in 
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Amceba dysbntkria. — {Aft^r Roos.) 

a, Ameba without any foreign contents, b, Ameba containing blood-cor- 
poscles. c. Ameba with large Tacuoles. d. Young forms, e. En- 
cysted forms. 



tropical and warm climates is believed to be due to a pro- 
tozoon — the AnuBba dysenteruB. This form of the disease 
is usually chronic, and, so far as known, the same methods 
of prevention and disinfection are applicable to it as to 
the above. 



DIPHTHERIA. 

Diphtheria is a communicable disease, sometimes occur- 
ring in severe epidemics among the children. 

Diphtheria is characterized by an inflammation of the 
mucous membranes, especially of the throat. The character 
of this inflammation varies very much in degree. It may 
resemble the simple catarrhal inflammation resulting from 
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"catching cold/' or when more severe may cause a fibrinous 
deposit or false membrane, by which the disease has long 
been recognized clinically. Every degree of severity is met 
with, from the mildest type to the malignant variety that 
results fatally in few hours. 

Diphtheria is not confined to the throat, but may attack 
any of the mucous membranes of the body, including the 
conjunctiva. The disease may also complicate wounds, 
and open sores may be the seat of a typical attack of diph- 
theria, accompanied with a false membrane and all the 
constitutional manifestations of the disease. 

The period of incubation is **from two to seven days, 
oftenest two." 

The cause of diphtheria is a bacillus bearing the same 
name — Bacilltis diphtheruB, first seen by Klebs under the 
microscope in 1883 and isolated in pure culture the next 
year by Loeffler, who proved this organism to be the cause 
of the disease. It is therefore often spoken of as the Klebs- 
Loeffler bacillus. 

The bacillus of diphtheria is a non-motile rod of variable 
length and very irregular in shape. It is often swollen on 
one end, presenting a club-shaped appearance, or it may be 
pointed or wedge-shaped. It stains in an irregular manner 
with the basic anilin dyes that is quite characteristic. The 
bacillus of diphtheria grows well upon blood-serum and 
artificial culture media, at the temperature of the body. 

It does not have spores. 

The infection may enter the body in a great variety of 
ways. It may pass directly from mouth to mouth, or in- 
directly from objects that have become contaminated with 
the germs of the disease. The bacilli may be taken into 
the system with the food, especially milk. The infection 
may also be taken into the body through the respiratory 
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system, although this is rare. The diphtheria bacillus is 
not found in the expired breath and the disease is not air- 

FlG. 64. 




Bacillus DiPHXHERiiC. Long Beaded Variety with Pointed Ends 

AND THE Short Forms. 



Fig. 65. 




Bacillus diphtheri^e. Two Specimens of the Medium and Long 
Varieties with Clubbed Extremities.— (Cwr/^.) 



borne in the sense that smallpox or typhus fever is. The 
air may become infected from dried sputum, or from minute 
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particles that are sprayed from the mouth in the acts of 
coughing, speaking, gagging, and other acts of expiration 
accompanied with explosive movements. The infection may 
also be inoculated into wounds of the skin. When the diph- 
theria bacillus enters the mouth or lodges upon the mucous 
membranes, it grows and multiplies, setting up the local 
inflammation which characterizes the disease. The organ- 
ism usually remains localized at the seat of the lesion, and 
rarely invades the deeper tissues or the blood. 

During the course of its growth and multiplication the 
diphtheria bacillus produces a chemical poison — the diph- 
theria toxin. It is really this toxin, and not the bacillus 
itself, that causes the local inflammation and the fibrinous 
exudate with the death of the cells resulting in the produc- 
tion of the false membrane. This toxin is a soluble poison 
and is readily absorbed into the system, giving rise to the 
fever, prostration, and the nervous symptoms that fre- 
quently are associated with diphtheria. 

The bacillus of diphtheria is eliminated from the body 
with the secretions from the mucous membranes, or with 
the pus and exudates from wounds, depending upon the seat 
of the local lesion. The membranes of the throat and 
larynx being the usual seat of the disease, the infection is 
most commonly thrown off from the body in the expectora- 
tion. Therefore, the sputum and all objects which come 
in contact with the secretions of the mouth must be carefully 
disinfected in order to prevent the spread of the infection. 
The evacuations from the bowels and the urine do not need 
disinfection in this disease. 

It has been found that many persons in good health have 
live and virulent diphtheria bacilli in the secretion from 
their mouths; that is, this organism may grow upon the 
mucous membranes of the throat and be contained in the 
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expectoration without causing the least inconvenience. 
Such persons are a constant menace to others who are more 
susceptible to the disease. 

The infection may be spread from mouth to mouth by 
kissing, or, indirectly, by any object that becomes con- 
taminated with the infected secretions. Handkerchiefs, 
towels, and other fabrics are especially apt to become in- 
fected and unless disinfected become sources of danger. 
Knives, forks, spoons, and other tableware that come in 
contact with the mouth may carry the infection to other 
persons who use such articles without previous scalding or 
disinfection. Play toys are often responsible for the spread 
of the disease, on account of the habit children have of 
mouthing such articles. 

The bacillus of diphtheria grows well in milk, and epi- 
demics of the disease have been traced to this source. The 
milk is usually infected at the dairy, but may be rendered 
safe by boiling or Pasteurization. (See page 214.) 

The bacillus of diphtheria is readily killed by heat or 
chemicals. It is destroyed by a moist temperature of 58® C. 
in a few minutes. Boiling water or steam at 100® C. will 
destroy the vitality of this infection instantly. It is to be 
noted that while the bacillus usually dies quickly when dried, 
under certain circumstances it may retain its vitality a very 
long time, especially if dried in albuminous matter, such as 
little bits of the false membrane. This accounts for the 
long time the infection may persist upon objects that have 
been contaminated with the secretions from the mouth. 

The direct sunlight will kill cultures in from thirty to 
forty minutes. 

Any of the ordinary germicidal solutions, employed in the 
strengths stated for use against non-spore-bearing bacteria, 
are efficient for the bacillus of diphtheria; for example. 
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bichlorid of mercury i : looo, carbolic acid 3 to 5 per cent., 
tricresol i per cent., formalin 3 to 5 per cent. 

Formaldehyd gas kills the bacillus of diphtheria at once 
when exposed directly to the gas in the strength given in 
Chapter II. However, an exposure of twenty-four hours 
is advisable in order to insure diffusion and penetration, for 
in actual practice the bacilli are not always exposed directly 
to the action of the gas, as they frequently are in labora- 
tory experiments, but are often encased in the mucoid and 
albuminous matter of the secretions. 

Sulphur dioxid is also an efficient disinfectant for the 
diphtheria bacillus, but is limited in its practical application 
on account of its destructiveness. 

The disinfection for diphtheria should be done largely 
at the bedside. The method of treating the sputum has 
been given in another portion of the volume. Towels, bed- 
ding, underclothing, and other fabrics that have come in 
contact with the patient should^be boiled, steamed, or im- 
mersed in one of the chemical solutions. The hands of the 
nurse will need frequent washing and disinfection (see page 
209). All objects that have come in contact with the secre- 
tions of the patient or that have been exposed to the possi- 
bility of infection must be treated by methods appropriate 
for each article. 

Remnants of food from the patient's meal should be burned 
or boiled before being discarded. All articles of tableware, 
particularly those which come in contact with the secre- 
tions from the patient's mouth, should be scalded before 
being used again. The thermometer used to take the tem- 
perature must be disinfected. 

After the case has recovered, the room should be given 
a general disinfection with formaldehyd or one of the gases 
recommended in Chapter II, in order to destroy any infec- 
tion that may have become diffused in the room. 
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Plague, also called bubonic plague, la peste, black death, 
and other names, is a communicable disease occurring in 
widespread and very fatal epidemics in man and some of 
the lower animals. Of all the epidemic diseases, plague has 



Plague Bacilu in thi Scrapings from a Bubo. 

caused more deaths in a shorter time than any pestilence 
known to man. In the thirteenth century about one-quarter 
of all the people living in Europe died of this afFectton in a 
few years. 

Plague manifests itself clinically in a great variety of 
forms. First cases have been mistaken for typhoid fever. 



DISINFECTION FOR THE COMMUNICABLE DISEASES. 275 

pneumonia, diphtheria, malaria, influenza, and many other 
diseases. This is due largely to the fact that the plague 
bacillus enters the body through different channels and sets 
up an inflammation both at the point of entrance and in the 
neighboring and distant glands and organs. Very often the 
organism invades the blood, causing a very severe form of 
blood-poisoning, which is frequently fatal, sometimes causing 
death in a few hours. 

The period of incubation is usually three to five days, 
rarely over seven. . 

The cause of plague is a short, non-motile rod called 
Bacillus pesiis. It has a tendency to show bipolar staining 
when colored with anilin dyes. It grows well upon artificial 
culture media at the room temperature, and in the incu- 
bator kept at the body heat, 37** C. It was discovered by 
Yersin in the summer of 1894 in the epidemic which was 
then raging in Hongkong, and has since been confirmed by 
many scientists in all parts of the world. 

The bacillus of plague, in the course of its growth, pro- 
duces a soluble poison known as the plague toxin, which is 
absorbed by the system, causing the fever, prostration, and 
nervous depression which characterize all formsof the disease. 

When the plague bacillus enters the body through a wound 
in the skin, it causes a local inflammation which quickly 
spreads through the lymphatic channels to the neighboring 
lymph glands. These become swollen and painful and are 
known as buboes — ^hence the name bubonic plague. When 
the infection is taken into the respiratory tract, the inflamma- 
tion set up in the lungs resembles very closely that of croup- 
ous or lobar pneumonia. When the bacillus is taken with 
the food or drink into the alimentary canal, it may cause 
a sore throat, or a tonsillitis, or may give rise to an inflam- 
mation of the intestines. 
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The bacillus of plague may be eliminated from the body 
in any of the discharges. In the pneumonic form of the 
disease, the infective principle is contained in the expector- 
ated matter, which is highly virulent. We know that this 
form of the disease is communicated from the sick to the 
well more readily than any other variety. The bubonic 
and septicemic varieties of plague are less readily communi- 
cated because the bacillus is imprisoned in the glands and 
tissues of the body. If the buboes suppurate, the organism 
is eliminated with the discharge of pus. The organism is 
also eliminated from the system in the fluid contents of the 
blisters and with the discharges from abscesses and car- 
buncles which are frequently associated with the disease. 
In the intestinal form, the bacillus of plague is thrown off 
from the body in the alvine discharges. It will, therefore, 
be seen that practically all the discharges from the body 
must be disinfected in order to prevent the spread of the 
disease. 

It is important to remember that many animals besides 
man are liable to this infection. Rats are subject to the 
disease and sometimes die in great numbers during an epi- 
demic, and undoubtedly spread the infection from place to 
place. Mice, cats, dogs, cattle, and other domestic animals 
are also subject to the disease. It is believed that the fleas 
convey the infection from rats to man. Flies which have 
fed upon plague-infected material die, and the infection may 
be spread through their agency. These facts have a dis- 
tinct bearing upon our methods of disinfection, as well as the 
other means employed in combating this disease. 

Nuttall has shown that house flies which were fed on the 
organs of plague-infected animals contained virulent bacilli 
forty-eight hours and more after feeding. He found virulent 
bacilli in the dejections of these flies two days afterward. 
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Hankin, in India, has shown that ants, which can devour 
a dead rat with great rapidity, carry virulent bacilli about 
in their bodies for some time after feeding upon the body 
of a plague-infected rat. 

These ants and flies may deposit virulent bacilli of plague 
through their excretions, in food, in drinkables, especially 
the milk, on the floors, tables, etc., and on the body and 
clothing of persons. In other words, they distribute the 
plague germ widely within the limits they travel (Curry). 

These insects probably do not inoculate the plague germs 
into the system when they bite. It is more probable that 
the irritation caused by the bites induces the individual to 
scratch or rub the infection into the skin. 

The plague bacillus cannot be considered a frail organism, 
as was at first supposed.* So far as its vitality is concerned, 
it resembles the bacillus of diphtheria or the micrococcus 
of pneumonia. In the presence of moist and albuminous 
matter it may keep alive and virulent a very long time. 
We know that it may live for months and even years in a 
test-tube upon the artificial culture media used in the labora- 
tory. 

The plague bacillus dies quickly when dry; moisture 
favors its life. It is more apt to remain alive when dried 
upon fomites, such as bedding, clothing, food, and other 
objects, if the temperature is under 19** C; that is to say, 
the colder the climate, the greater the danger of carrying 
the infection upon inanimate objects, and more extensive 
disinfection is required in combating the disease than in a 
tropical region. 

Sunlight kills the organism in a few hours, provided the 



* « Viability of the Bacillus Pestis," Laboratory Bulletin No. 4, M. J. 
Rosenau, Marine Hospital Service. 



278 DISINFECTION AND DISINFECTANTS. 

sun shines directly upon it and the temperature in the sun 
is above 30° C. The effect of sunlight is not very penetrating. 

The bacillus of plague grows well in milk and may live 
a long time in cheese, butter, and other similar moist albu- 
minous food products, which may therefore require dis- 
infection in order to prevent the spread of the disease. It 
usually dies quickly when dried upon the surface of fruits 
and preserved foods. 

The bacillus of plague may live a long time in water, al- 
though plague is certainly not a water-borne infection in 
the sense that cholera and typhoid fever are. The plague 
bacillus is destroyed in a few minutes by an exposure to moist 
heat at 60** C. Boiling water or steam at a temperature of 
100° C. kills this organism at once. The usual germicidal 
solutions are all efficient against plague in the strengths in 
which they are ordinarily used for the destruction of non- 
spore-bearing infections ; for example, bichlorid of mercury 
I : 1000, carbolic acid 3 to 5 per cent., tricresol i per cent., 
formalin 3 to 5 per cent. 

The plague bacillus is destroyed by sulphur fumigation 
and by formaldehyd gas in the strengths in which these dis- 
infectants are used (see Chapter 11). While the bacillus is 
killed in a very few minutes by direct exposure to these gases, 
an exposure of not less than six, and preferably twenty-four, 
hours is desirable to insure diffusion and penetration, de- 
pending upon the method used to generate the gas. 

Formaldehyd gas has little effect upon the higher forms 
of animal life, and as plague is a disease which is very largely 
spread through the agency of rats, fleas, flies, and other 
animals, it is essential to use a disinfectant that will destrov 
vermin of this character as well as the plague bacillus itself. 
Sulphur dioxid is very fatal to all forms of life, and it is, 
therefore, a much more reliable disinfecting agent to prevent 
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the spread of this disease than formaldehyd gas. It is espe- 
cially useful in warehouses, granaries, ships, and other rough 
structures infested with vermin. 

Chlorin gas and hydrocyanic acid are also useful disinfect- 
ing agents in combating the infection of plague, particularly 
on account of their poisonous nature. Very careful pre- 
cautions must be taken, in the employment of these gases, 
to prevent accidents. (See Chapter ii.) 

The disinfection at the bedside of a case of plague must 
be rigorously carried out in order to prevent the spread of 
the disease. The sputum, the dejecta, and the urine may 
contain the infective principle and must be disinfected. The 
bacillus is also found in the blood, in the serum of the blisters, 
and in the pus and discharges from the buboes, ulcers, and 
other sores which may be present. The methods of dis- 
infecting these materials have been described in detail in 
another chapter and need not be repeated here. 

The same precautions must be taken with the patient's 
body, the hands of the nurse, and all objects which come in 
contact with possible infection that have been described 
under typhoid fever. The bedding, body linen, towels, and 
other objects which have come in contact with the patient 
or his discharges should be disinfected by boiling, steaming, 
or immersion in one of the germicidal solutions, or treated 
according to the methods appropriate for each particular 
object. 

The sick-room must be kept thoroughly ventilated, sweet 
and clean, and carefully screened. In addition to scrupu- 
lous cleanliness at the bedside, all exposed surfaces of the 
room should be mopped with a solution of bichlorid of mer- 
cury I : 1000 at frequent intervals. The greatest care must 
be taken to prevent the spread of the infection from the 
pneumonic type of the disease, for the live and virulent 
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bacilli are thrown out with the sputum that is sent out into 
the air in a fine spray during coughing, hawking, sneezing, 
and other explosive expiratory acts. The infection thus dis- 
seminated into the air is breathed into the respiratory tract 
of those who come in contact with the patient or his sur- 
roundings, and the disease is frequently spread in this way. 



TUBERCULOSIS. 

Tuberculosis is a communicable disease prevalent in all 
parts of the world. So many victims does it claim every 
year in civilized communities that it has been called *'the 
great white plague." 

It is caused by the bacillus of tuberculosis discovered by 
Robert Koch in 1881-1882. 

The bacillus of tuberculosis may attack almost every 
organ and tissue of the body, resulting in the formation of 
little inflammatory nodules, which have a tendency to de- 
generate. Tuberculosis of the lungs is commonly called 
consumption or phthisis ; of the lymphatic glands it is called 
scrofula. Lupus is a tuberculosis of the skin. 

The tubercle bacillus is a slender rod, inclined to be bent 
or irregular in shape, and beaded in appearance. It may be 
grown in pure culture upon potato and upon the artificial 
culture media used in the laboratory, but only at the body 
temperature, 37** C. 

The tubercle bacillus does not have spores. 

It is more resistant to heat and external influences than 
other bacilli. Bacterial cells without spores are usually 
killed by moist heat at a temperature of 56° C. in a short 
time, but the tubercle bacillus requires an exposure of ten 
minutes to 70** C. in order to kill it. It has been kept alive 
in sputum three years, at the end of which time it was still 
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virulent. It is therefore seen that this organism holds an 
intermediate place between the spore-bearing and the non- 
spore-bearing bacteria, so far as its resistance to external 
influences is concerned. 

Koch believed in his first investigations that the tubercle 
bacillus had spores, but this observation has not been con- 
firmed. We know that this organism does not have endo- 
genous spores of the same high degree of resistance as an- 
thrax or tetanus. 

Tuberculosis is spread from person to person and from 
animals to man in a great variety of ways. The infection 
may be breathed into the lungs with the dust, may be taken 
into the alimentary canal with the food or drink, or may 
be inoculated into the system through wounds of the skin 
or mucous membranes. 

When the tubercle bacillus gains access to the tissues, it 
gives rise to a characteristic form of inflammation which 
expresses itself in the formation of little grayish nodules, 
called tubercles. These nodules are lacking in blood-supply 
and therefore have a tendency to break down and ulcerate, 
causing destruction of the organ or tissue in which they are 
situated. The process spreads through the body by way of 
the lymphatic channels, or more rapidly through the blood. 

The tubercle bacillus is eliminated from the body in 
the pus and matters discharged from the processes of de- 
structive inflammation. As the lungs are more frequently 
attacked than any other organ, the infection is commonly 
thrown off in the expectoration. 

The disease is largely spread by the dried sputum which 
floats about the air as dust and is breathed into the respira- 
tory tract of susceptible persons. We have already seen 
that the infection may remain alive and virulent a very long 

time in dried sputum. Kissing may also spread the bacilli 
21 
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from mouth to mouth. Tableware used by a consumptive 
is one of the means of conveying the infection to healthy 
persons if such ware is used without previous boiling or dis- 
infection. 

Many of the lower animals, especially cattle, are sus- 
ceptible to tuberculosis, and there is little doubt but that the 
disease is spread to man through the agency of infected 

Fig. 72. 
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meat and milk. Tuberculous meat may t>e rendered safe by 
thorough cooking. The milk may be disinfected by boiling, 
or by Pasteurization, which condsts in heating it to 70° C. 
for half an hour and then chilhng it suddenly. (See page 
214.) 

The tubercle bacillus must be considered a hardy organism. 
It requires an exposure to moist heat of four hours at 55° C 
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in order to kill it; or fifteen minutes at 65® C, ten minutes 
at 70** C, five minutes at 80** C. 

It is killed at once by boiling water or steam at a tem- 
perature of 100® C. Both of these agents are trustworthy 
disinfectants for this infection, especially as they have the 
power of deep penetration. The tubercle bacillus is fre- 
quently embedded in sputum or in albuminous matter that 
cannot be disinfected by germicidal agents lacking penetrat- 
ing power. 

Drying has little effect upon this bacillus, which accounts 
for the dangerous nature of dried tuberctdous sputum. The 
tubercle bacillus is not killed by freezing. 

The bright sunshine will kill the organism in a few hours 
if exposed in a thin layer directly to the rays of the sun. 

The chemical solutions in the strengths given for non- 
spore-bearing bacteria are efficient disinfectants for the 
bacillus of tuberculosis, provided there is direct contact 
between the germ and the chemical in solution; for example, 
bichlorid of mercury i : 1000, carbolic acid 5 per cent., tri- 
cresol I per cent., formalin 5 per cent. 

Either formaldehyd or sulphur dioxid gas will kill this 
bacillus in the strengths stated for the employment of these 
gases in Chapter II. An exposure of no less than twelve 
hours to formaldehyd and twenty-four hours to sulphur 
dioxid is desirable, depending upon the method used to 
generate the gas. The gaseous disinfectants are especially 
useful in eradicating the infection from rooms, forecastles, 
and other confined places where the sputum has dried and 
become disseminated in the air, contaminating exposed 
surfaces. 

The disinfection of sputum is comparatively diffictdt to 
accomplish on account of its tenacious nature and its albu- 
minous composition. Bichlorid of mercury is totally in- 



288 DISINFECTION AND DISINFECTANTS. 

applicable for this purpose, because it is precipitated by 
the albuminous matter which it coagulates, preventing pene- 
tration. Carbolic acid also coagulates albuminous matter, 
though less actively than bichlorid of mercury, and is there- 
fore a very untrustworthy agent for the disinfection of spu- 
tum. A strong solution of formalin 15 to 20 per cent., or 
tricresol 2 per cent., or lysol 2 per cent., may be used to 
disinfect small quantities of sputum, provided they are 
thoroughly incorporated throughout the mass and allowed 
to stand no less than one hour. Chemical substances can- 
not compare in efficiency for this purpose with the physical 
agents, which should always be given the preference. 

Sputum may be effectively disposed of and disinfected 
by burning. It may be boiled, preferably in an alkaline 
or soap solution; or better still, it may be disinfected with 
steam in a special apparatus described on page 228. 

The. disinfection of fabrics and other objects that have 
become contaminated with tubercle bacilli does not differ, 
from the methods given for the disinfection of such materials 
for other non-spore-bearing infections, such as typhoid 
fever, diphtheria, pneumonia, etc., and need not be repeated 
here. 

LEPROSY. 

Leprosy is a communicable disease, transmitted from the 
sick to the well with difficulty. It is a disease of great 
antiquity and at present is widely distributed throughout the 
world, especially in warm climates. The disease is remark- 
able for the long time it takes to develop and the chronic 
course it runs. 

Leprosy is characterized by the formation of nodules not 
unlike those of tuberculosis. These nodules, or tubercles, 
sometimes appear along the course of the nerves, causing 
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disturbances of sensation and giving rise to the so-called 
anesthetic variety. W^en the nodules appear in the skin 
or in the mucous membranes, they give rise to tubercular 
leprosy. These nodules have a tendency to break down 
and ulcerate, causing a destruction of tissue, just as in 
tuberculosis. 

The disease is caused by the Bacillus lepra, discovered by 
Hansen in 1879. The bacillus of leprosy resembles the 
bacillus of tuberculosis so very closely that it is difficult to 
distinguish the one from the other. The bacillus of leprosy 
does not attack the internal organs of the body, and has a 
different arrangement in the cells from that of the tubercle 
bacillus; it stains more readily and cannot be made to grow 
upon artificial media. 

So far as known this bacillus does not have spores. 

The disease may be transmitted from the sick to the well 
by inoculating into the skin or mucous membranes the 
material containing the bacillus. The organism is found 
in great numbers in the pus and secretions from the broken- 
down nodules and ulcers of the disease, and in all the lesions 
of leprosy. They may also be found in the blood. As the 
nodules and ulcers frequently appear upon the mucous mem- 
branes of the nasal cavity, the secretions from the nose may 
be infective, and it is believed that this is often the case 
before there are any outward signs of the affection. 

So far as known, the principles of disinfection for leprosy 
are precisely the same as for tuberculosis, which it so closely 
resembles. (See page 280.) 



MALARIA. 



Malaria is a communicable disease causing great havoc in 
many parts of the world. 
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The malarial diseases are due to a minute animal parasite, 
the HcBmcUozoa malaruB, discovered by La varan in 1880. 
This organism is a microscopic cell having independent 
motion and all the functions of animal life. It multi- 
plies by a process of division common to these lower forms 
of life. It also reproduces by a sexual union. There are 
several varieties of this parasite which produce the vari- 
ous clinical forms of the disease, known respectively as ter- 
tian malarial fever, having chills every third day; quartan 
malarial fever, having chills every fourth day ; and aestivo- 
autumnal malarial fever, having an irregular febrile course. 

All the malarial parasites belong to the protozoa, and 
to the group known as the sporozoa, because they have 
spores during one phase of their evolution ; and to the sub- 
division hematozoa, because they are found in the blood. 

The malarial organisms are found in the blood, spleen, 
or other organs of the body in all cases of the disease. 

Malarial infections are conveyed from the sick to the well 
by the mosquito. This insect takes the parasite into its 
stomach along with the drop of blood. In the mosquito 
the parasite passes through a long and complicated series 
of changes, taking about twelve days from the time it drinks 
the malarial blood until it is capable of transmitting the 
infection by biting another person. Prom the stomach of 
the mosquito the parasite passes into the general body 
cavity of the infected insect and finally appears in the ve- 
neno-saUvary glands. These glands excrete the poison that 
is injected through the proboscis of the insect into the 
skin of the person it bites, and it is in this way that the 
malarial parasites are inoculated into the system. The 
mosquito itself apparently feels no ill effects as a result of 
the infection, for the infected insect lays its eggs and con- 
tinues to feed and live in a normal manner. 
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Malaria is primarily a blood infection. After a few of 
the parasites have been introduced into the blood by the 
mosquito, they grow and multiply in such enormous num- 
bers that in twelve days they may be present in countless 
myriads. Just before the chill more than half the red 
blood-corpuscles may contain one of the parasites which live 

Fig. 74. 




Anopheles puNcriPEifNis. Femalr, with Male Antenna at Right, 
AND Wing Tip Showing Venation at Left (Enlarged). — (Hcward.) 



and feed upon these corpuscles as well as in the blood-serum 
itself. In the malignant forms of malaria known as "con- 
gestive chills" the parasites are found crowded in the capil- 
laries of the brain, liver, spleen, and other organs of the 
body. 

Not all mosquitos are capable of thus transmitting the 
infection of the malarial diseases. It is only the variety 
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known as the Anopheles that is endowed with this special 
property. 

The anopheles is a medium-sized mosquito of a brownish 
color, frequently having a speckled wing. The palpi are 
quite as long as the proboscis in both the male and female, 
which serves to distinguish it from the common culex varie- 
ties, and from the Stegomyia fasciata, which is responsible 
for the spread of yellow fever. 

It is only the female insect that is capable of transmitting 
the disease. After feeding upon blood it lays its eggs upon 
the surface of the water. In a few days, depending upon 
the temperature and other conditions, each egg hatches a 
larva, and these develop into pupae. The larvae and pupae, 
commonly called ''wrigglers," must come to the surface of 
the water to breathe. This is why a film of oil on the 
water will soon kill the embryonal forms of the mosquito. 

Malaria is practically always spread by the agency of 
the mosquito. The only other way in which it is known 
that the disease may be communicated from man to man is 
by the direct inoculation into a well person of the blood 
of a patient suffering with the disease. While this has been 
done several times in scientific studies, it, of course, is not 
a method by which we could contract the infection spon- 
taneously. 

It is therefore plain that the disinfection for malaria must 
be directed against the infection in the mosquito. 

Patients infected with malaria should be given quinin at 
once and carefully protected with mosquito netting or by 
other means in order to prevent the spread of the infection. 
This is manifestly impossible to carry out rigorously except 
with the bed-ridden patients, in a malarial region, for there 
are many in such regions who have the parasites in their 
blood, but are able to be about. 
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A precaution for individuals residing in malarial regions 
is to sleep in rooms thoroughly screened against the mos- 
quitos. As the anopheles is largely nocturnal in its habits, 
this furnishes a measure of protection against the disease. 

The mosquitos found in the bedroom of the sick and the 
well should be destroyed. For this purpose pyrethrum, 
sulphur dioxid, tobacco smoke, and the other insecticides 
recommended in Chapter IV may be used. 

Fig. 75. 




Resting Position of Culex (at Left) and Anopheles (at Right) 

( Enlarged). — {^Howard. ) 



The extermination of the mosquito would mean th^ ex- 
termination of malaria as far as man is concerned. The 
anopheles is not a domestic mosquito in the sense that 
the yellow fever mosquito is. That is to say, it does not 
breed in the small collections of water found in casks, 
barrels, buckets, tin cans and the like about the household. 
It rather prefers the small natural puddles and ponds of 
still water, found in the fields and swampy places, to lay 



22 



296 DISINFECTION AND DISINFECTANTS. 

its eggs. The fight to exterminate these insects is one 
requiring a considerable expenditure of time and money, 
and must be vigorously carried on with unceasing patience. 
The means employed to accomplish this result in a given 
locality consist of draining the soil, often involving extensive 
engineering operations, and other means beyond the scope 
of this book. 

It is evident that insecticides and not germicides are 
wanted to combat this disease. The ordinary methods of 
disinfection employed to destroy the infection of bacterial 
diseases are totally inapplicable for malaria. 



YELLOW FEVER. 

Yellow fever has its home in the West Indies, Central 
America, and the west coast of Africa. From these endemic 
foci in the tropics it spreads from time to time to the tem- 
perate regions, where it occurs in epidemic form, sometimes 
with great mortality. 

Yellow fever is an acute febrile disease, characterized by 
congestions, jaundice, vomiting, prostration, and albumin 
in the urine. The vomited matter is often of a dark brown 
or black color, the so-called black vomit. 

The period of incubation is commonly two to three days, 
rarely over five. 

The cause of yellow fever has not been definitely deter- 
mined, although there can be no doubt, from its infectious 
nature, that it is due to a living entity. Despite the fact that 
we have no definite knowledge as to the precise micro-organ- 
ism that is responsible for the disease, we now have in our pos- 
session very definite information as to how it propagates itself 
and the methods necessary to prevent its spread. Yellow 
fever is not * 'contagious ** in the sense that smallpox is ; that is 
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to say, the disease is not transmitted directly from the sick 
to the well. It has also long been known empirically that 
the infection is not spread by means of water and food, as is 
the case with cholera and the intestinal infections. It has 
been a matter of observation that houses or places become 
infected under certain conditions after the lapse of a given 
interval of time, usually several weeks. More accurately, 
the second case of yellow fever never occurs until twelve 
days have elapsed after the first case was brought to a given 
place. 

This gave rise to the * 'place infection theory," and was 
explained upon the, ground that, while yellow fever is not 
directly "contagious" from the patient to the well, it is 
* 'infectious" in the sense that it has the power to infect the 
surroundings, so that the disease is communicated in an 
indirect manner. 

We now know, from Finlay, proved by the brilliant re- 
searches of Reed and his colleagues, that it is not the bed- 
ding, or the clothing, or the soil, or the walls of the room, or 
any inanimate object in the room that retains the infection, 
but a certain species of mosquito that, after biting the 
patient, takes the infected blood into its stomach. The 
mosquito itself becomes infected and, after the lapse of 
twelve days, can communicate the disease by biting another 
person. 

The particular mosquito responsible for the spread of 
yellow fever is called the Stegomyia fasciata. It is a rather 
small insect and may be recognized by the fact that it is of 
a light brown color with very beautiful silver markings upon 
its body and legs. At each tarsal joint there is a silvery- 
white band, and on the back of the thorax there are four 
bands arranged in a characteristic manner, resembling a 
lyre with two strings. In the female the palpi are much 
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Stbgomyia fasciata, Male. — {Reed and Carroll.) 

a. Front tarsal claw. 



Fig. 77. 




Stkgomyia fasciata, Female. — {Reed and Carroll,) 

a. Front tarsal claw. 
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shorter than the proboscis. It is only the female that is 
able to transmit the disease. 

The female, after impregnation, lays its eggs upon the 
water. In a few days, depending upon the temperature 
and other conditions, the eggs hatcb into larvae and, after 

Fig. 78. 




STiGouyiA PASCtATA. Batch o¥ Fiftv-two Eggs Dbpositid i 
Single Fbualb.— (X<a/ attJ Carroll.) 



FiTLL-CKOWN Larva (En lakcbd). Pupa (Enlarceo). — (Reed ana 

—(Heed ami Carroll.) Carrtll.) 

The aquatic forml of the Slegomjia fa*ciala, pc^mlatl; called " wng^tea." 



another interval of several days, the larvee develop into 
pupse. Both the larvse and pupae, popularly called wri^Iers, 
are aquatic, but must come to the surface in order to breathe. 
From the pups finally emerge the fully developed winged 
insects. The fact that the mosquito lives in the water during 
its early existence gives us the keynote for its extermination. 
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For many years it was taken for granted that fomites or 
inanimate objects could retain the infection of yellow fever 
and, after the lapse of time, transmit the disease to sus- 
ceptible individuals. The literature is full of examples, 
accusing clothing, bedding, household furniture, a lock of 
hair, coffee sacks, and the greatest variety of other objects, 
of bringing the infection into a locality. It would seem, 
from our present knowledge, that these observations were 
based upon error. 

The only known method by which yellow fever may be 
transmitted from the sick to the well, excepting through the 
agency of the mosquito, is by the direct inoculation of the 
blood of a patient sick with the disease into the system of a 
susceptible individual. This has been done in several in- 
stances in scientific research upon the cause of the disease 
and the methods of its transmission, but, of course, is not 
a method by which we would contract the disease spon- 
taneously. 

The close resemblance between yellow fever and malaria, 
so far as their methods of spread are concerned, is very 
striking. 

In 1897 the Italian savant, Sanarelli, found an organism 
associated with cases of yellow fever, which he termed 
Bacillus icteroides, Sanarelli and others believe this bacillus 
to be the cause of yellow fever, although it seems difficult 
to reconcile this belief with the fact that the mosquito 
carries the infectious agent from the sick to the sound. 

The Bacillus icteroides is a short, actively motile rod, 
growing well at both room temperature and in the incubator, 
at 37° C, upon the ordinary cultm-e media used in the 
laboratory. It holds an intermediate place between the 
colon bacillus and the typhoid bacillus. In the light of our 
present knowledge we must consider this organism a com- 
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plication sometimes associated with yellow fever rather than 
the cause of the disease, just as the virulent streptococci, 
which so frequently are found associated with smallpox, 
are not regarded as causing that disease. 

It is, therefore, evident that the disinfection of clothing, 
baggage, bedding, rooms, and objects that have come in 
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Newly Deposited Egg of Stegouvia pasciata (Enlaeged). 
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contact with the patient, for the purpose of destroying a 
bacterial infection, is an unnecessary procedure so far as 
yellow fever is concerned. Insecticides, not germicides, are 
wanted. 

Cases of yellow fever must, therefore, be treated in rooms 
carefully screened against the mosquito, and all such insects 
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found in the sick-room or in the house and neighborhood 
must be immediately destroyed. This may be accomplished 
by burning pyrethrum, sulphur dioxid, tobacco smoke, form- 
aldehyd, or one of the other insecticidal agents recommended 
in Chapter IV. 

The Siegomyia fasciaia is a domestic mosquito, preferring 
the little collections of water about the household in which 
to lay its eggs. They breed in great numbers in the fresh- 
water cisterns and rain barrels or in the water of a tin can 
or bucket that may be in the back yard. It is beyond the 
province of this book to discuss in detail the extermination 
of the mosquito. Suffice it to state here that this is best 
accomplished by attacking the insect dtuing the aquatic 
phase of its existence. All collections of water in which 
mosquitos may breed must be removed. This sometimes 
involves extensive draining and engineering problems, al- 
though, so far as the Siegomyia fasciaia is concerned, it must 
be attacked in the collections of fresh water found in and 
about the household. 



PILARIASIS. 

Pilariasis is a communicable infection found in tropical 
and warm countries, and as far north as Charleston, S. C, 
in the United States. 

The disease is characterized clinically by chyle in the urine 
and by an inflammation and enlargement of the connective 
tissue, causing the condition known as elephantiasis. 

Pilariasis is caused by a nematode or worm, called the 
Filaria sanguinis hominis. The embryonic filaria probably 
gains access to the body by the drinking of polluted water. 
Upon entry into the alimentary canal the young filarial bore 
through the mucous membrane and take up their abode in 
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the deeper lymphatics. According to Manson, the mature 
female worm is about three inches long and about one one- 
hundredth of an inch in diameter, and is found packed with 
embryos in all stages of development. 

The embryos wander into the circulating blood, and appear 
as tiny, actively moving, almost homogeneous worms. They 
are readily detected under the microscope by their vigorous, 
lashing movements. 

There are at least three well-recognized varieties of this 
affection. In the one the embryos appear in the circulating 
blood only in the sleeping hours, usually during the night. 
This variety is called Filaria sanguinis hominis nociurna. 
The adult worm is called Filaria bancroftii. In the second 
variety they are found in the peripheral blood only in the 
daytime, and are consequently called Filaria diuma. The 
third variety is found in the circulating blood throughout 
the twenty-four hours, and is called Filaria Persians. 

The infection of filariasis is not transmitted from per- 
son to person directly. As is the case with many of the 
animal parasites of man, an intermediate host is required. 
Patrick Manson has shown that the intermediate host is the 
mosquito. This insect takes the embryos into its stomach 
along with the blood it drinks, and afterward contaminates 
the water. Later work seems to indicate that the infection 
may be inoculated by the mosquito directly into the system, 
by biting a well person. In this way the parasites are in- 
oculated into the blood just as in the case of yellow fever 
or malaria. 

The prophylaxis and the methods of disinfection for filari- 
asis therefore resolve themselves into the destruction of the 
mosquito and the purification of the drinking-water — a 
combination of the measures taken to prevent malaria and 
typhoid fever. 
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Filaria medinensts, or the Filaria dracunculus, popularly 
called the guinea-worm, is another nematode infecting per- 
sons in certain hot countries. 

The mature female resides in the subcutaneous and inter- 
muscular connective tissue, especially in the lower extremi- 
ties, about the foot- joint. Its presence excites inflamma- 
tion and abscess formation. The embryos are eliminated 
in great numbers in the discharges from the inflamed 
area. The embryos find their way into the water of small 
ponds, where they enter the cyclops, a small crustacean. 
From here they re-enter the body either with the drinking- 
water or through wounds in the skin. 

Disinfection to prevent the spread of the infection consists 
in boiling the drinking-water and in destroying the embryos 
as they leave the body with bichlorid of mercury or formalin. 



PNEUMONIA. 

Pneumonia, croupous or lobar pneumonia, is one of the 
most widely spread of the communicable diseases. It some- 
times occurs in severe epidemics with great mortality. 

The disease is characterized by a specific inflammation, 
accompanied by a fibrinous exudate which occludes one or 
more lobes of the lungs. A typical case has a sudden onset 
with a chill and fever. There is cough with expectoration 
of blood-stained sputum, pain in the side, and difiiculty of 
respiration. The fever terminates as suddenly as it ap- 
peared — that is, by a crisis. 

The cause of pneumonia is a micrococcus, called the Diplo- 
coccus pneumonuBf sometimes the Micrococcus lanceolatus, 
or the pneumococcus of Frankel, who showed the relation- 
ship between the organism and the disease. This micro- 
coccus may also cause meningitis, pleurisy, ulcerative 
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endocarditis, sore throat, and other inflammatory affections 
that may complicate pneumonia, or may occur as inde- 
pendent diseases. 

The diplococcus of pneumonia does not have spores. 

The infection of pneumonia is probably always taken into 
the system through the respiratory channels. The organism 
exists in the secretions of the mouth in about 20 per cent, 
of healthy individuals. Under certain circumstances, such 
as traumatism, catching cold, or other depressing influences, 
the microbe grows and multiplies with increased virulence, 
invades the lungs and sets up the disease. The diplococcus 
of pneumonia is found not only at the site of the inflamma- 
tion, but it frequently invades the blood and may be found 
widely distributed throughout the system. 

The infection is thrown off in the sputum, which during 
the course of the disease is laden with great numbers of the 
live and virulent germs. The infection may be eliminated in 
other secretions or discharges, depending upon the seat of 
the lesion. 

The infection is spread from mouth to mouth, directly 
and indirectly, in a great variety of ways, just as the infec- 
tions of diphtheria and tuberculosis are spread. 

The diplococcus of pneumonia does not show a high grade 
of resistance to external influences and may readily be de- 
stroyed by the germicidal agents commonly employed 
against non-spore-bearing infections. In fact, this organism 
is difiicult to keep alive outside of the body. Upon the 
ordinary culture media used in the laboratory it dies in a 
few days even under favorable conditions of temperature 
and moisture. When pure cultures of this organism are 
dried, it loses its virulence and dies in a very short time. 
In pneumonic sputum, however, it has been found alive and 
virulent after dr3dng on doth and being kept in the light 
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fifty-five days. Exposed to the sunlight the same material 
retained its virulence only twelve hours. 

A moist temperature of 52** C. continued ten minutes is 
fatal for the diplococcus of pneumonia. Boiling water or 
steam destroys the infection at once. 

Pormaldehyd and sulphur dioxid are efficient disinfectants 
for this micro-organism in the strengths and times as stated 
for each of these gases in another chapter. 

Bichlorid of mercury destroys the life of the coccus of 
pneumonia in as weak a dilution as i : 20,000 in two hours. 
In the usual strength, i : 1000, its action is almost instan- 
taneous. Solutions of bichlorid of mercury are not appli- 
cable to the destruction of the infection in the sputum, be- 
cause it is precipitated by and cannot penetrate albuminous 
matter. (See pages 152 and 226.) 

Carbolic acid in a i per cent, solution restrains the de- 
velopment of the diplococcus of pneumonia, and in a 3 to 
5 per cent, solution kills the organism in a short time. Tri- 
cresol I per cent., formalin 3 to 5 per cent., and other chem- 
ical solutions recommended for the destruction of non- 
spore-bearing bacteria, are useful for pneumonia. 

In general the same principles for the disinfection for 
diphtheria or tuberculosis are applicable to the destruction 
of the infection of pneumonia, and need not be repeated. 

A pneumonic consolidation of the lungs may be caused by 
several organisms other than the pneumococcus of Fr&nkel. 
For instance, there is a pneumonic form of plague, diph- 
theria, influenza, typhoid and other fevers, resulting from 
the growth and irritating presence of the respective organ- 
isms of these diseases. The pneumobacillus of Priedlander 
shown in the accompanying illustration (Pig. 85) is occa- 
sionally associated with an inflammation of the lungs, and 
was at one time believed to be the true cause of croupous 
pneumonia. 
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EPIDEMIC CEREBRO-SPINAL MENINGITIS. 

Cerebro-spinal meningitis is a communicable disease, some- 
times occurring in very fatal epidemics. The disease is char- 
acterized by an inflammation of the membranes of the brain 
and the spinal cord which gives rise to a great variety of 
symptoms. 

The cause of the infection is a micrococcus, called the 
Diplococcus iniraceUtilaris meningitidis. This organism is a 
diplococcus and is found for the most part in the cells of 
the inflammatory exudate. It resembles the diplococcus 
of pneumonia very closely in many particulars. 

It has no spores. 

The disease is evidently not directly contagious from the 
sick to the well, nor is the infection transmitted upon the 
clothing. As the diplococcus causing the disease is only 
found associated with the inflammation locked up in the 
cranial cavity and the spinal canal, it is difficult to under- 
stand how the infection leaves the body of the sick and enters 
the system of the sound. The infection is not found in the 
excretions from the body, so long as the membranes of the 
brain and spinal cord remain intact. It has been suggested 
that the micro-organism gains entrance into the body through 
the mucous membrane of the nose. Flexner and Barker 
suggest that the infection may gain entrance into the system 
through the intestines, but these views do not seem com- 
patible with the rapid extension of some epidemics of the 
disease. 

So far as we know, the diplococcus of cerebro-spinal men- 
ingitis is a very frail organism outside of the human body ; 
in fact, it is very difficult to keep it alive and growing upon 
artificial culture media. It is killed very readily when 
dried or in contact with heat or weak disinfecting solutions. 
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So little is known of the existence of this infection in 
nature outside of the body and the channels through which 
it gains entrance into the system that we cannot apply our 
disinfectants with any assurance of limiting the spread of 
the disease. Our hope in a case like this is to practise a 
general disinfection of all the discharges, and all the objects 
that come in contact with the patient, and to give the room 
a general purification with formaldehyd after the termina- 
tion of the case. The windows should be screened against 
insects. In this way we apply all the known principles 
with the expectation that by a shotgun method we will 
strike the mark. 



SMALLPOX. 

Smallpox, variola or varioloid, is a highly communicable 
disease known since times immemorial in China and India. 
It was brought to this country by the Spaniards in the six- 
teenth century. 

Smallpox is an acute febrile disease characterized by an 
eruption which is first papular, then vesicular. The vesicles 
either dry up and disappear (varioloid), or they turn to pus- 
tules and crusts (variola). 

The period of incubation is a very constant factor in 
smallpox. The disease makes its appearance between the 
tenth and the fourteenth day following exposure, usually 
the twelfth day. Cases have been reported in which the 
stage of incubation has been as short as five days and as 
long as twenty days. When the virus is inoculated into 
the skin (variolation), as was formerly done as a prophy- 
lactic meastu-e, the local reaction resembling vaccinia ap- 
pears at the point of inoculation on the third or fourth day^ 
but the general symptoms and fever do not appear until the 
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eighth day, and the general eruption on the eleventh day 
following the inoculation. 

The cause of smallpox is not known. It is the type of 
the acute specific infections, and there can be no doubt but 
that the disease is caused by a Uving entity or micro-organ- 
ism. Fortunately we know the disinfecting agents and their 
strengths necessary to kill the infectious principle whatever 
it may be. So certain has our knowledge become that only 
wilful negligence or ignorance will permit smallpox to be- 
come epidemic in a community. In short, vaccination, 
isolation of the sick, and disinfection will certainly prevent 
the spread of the disease. 

Smallpox has long been considered a "contagious" dis- 
ease because it is more readily conveyed by contact between 
the sick and the well than any other of the communicable 
diseases of man. We know that the specific virus is thrown 
off from the patient into the surrounding air, perhaps with 
the exhaled breath, and certainly from the eruption, whether 
fluid or dried in the crusts. It is probable, though not 
proved, that the virus is contained in the blood, but not in 
the excreta. 

It is believed that the virus usually enters the system 
through the respiratory tract — that is to say, the infection 
is air-borne. The disease may also be caused by introducing 
some of the fluid secretions of the vesicles or pustules into 
the skin of a susceptible person. Variolation, which was 
formerly practised, has given us abundant proof that such 
material inoculated into injured parts of the skin will repro- 
duce the disease in all its essential characteristics. 

Smallpox spreads chiefly through the medium of the sick, 
more rarely of intermediate persons. It is definitely known 
that inanimate objects which have come in contact with the 
patient or the infectious discharges may retain the infec- 
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tion alive and virulent, and communicate the disease to 
others even after the lapse of a very long time. For ex- 
ample, blankets, bedding, and clothing which have been 
used by the patient and afterward packed away without M 

any disinfection have caused the disease in another person 
who has unpacked or handled these objects months after- 
ward. Well-authenticated instances are on record where 
the infection has remained on fomites (inanimate objects) 
for two years and then given rise to the disease, showing 
the great vitality of the virus under certain conditions. 

As far as disinfection for smallpox is concerned, we must 
be guided largely by the results of practical experience and 
analogy to other communicable diseases, especially vac- 
cinia, which is considered a modified form of smallpox, and 
for our purposes may be regarded as the same disease. Re- 
searches have shown that the virus of vaccinia is destroyed 
by heat at a temperature of 54° C. in a short time, also that 
sulphur dioxid is efficacious in destroying the potency of 
the virus. We know how very susceptible this virus is to 
the ordinary germicidal solutions. Therefore it is reason- 
able to suppose that the active principle of smallpox, what- 
ever it is, may be destroyed by the same disinfecting agents 
that are used for non-spore-bearing infections, such as diph- 
theria, tuberculosis, cholera, typhoid fever, etc. In fact 
the application of the principles of disinfection based upon 
this supposition meets with success in actual practice. 

The disinfection for smallpox must begin at the bedside. 
It is believed by some that the disease is communicable 
even before the eruption appears. It is important to keep 
the skin of the patient clean and anointed with a bland oil 
or salve to prevent the desquamating epiderm and the dried 
secretions of the eruption from floating into the air. A 
disinfectant may with advantage be added to the oil or 
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ointment. For this purpose a carbolized vaselin, or olive 
oil, or a borated or salicylated lard is very useful. The skin 
may be bathed from time to time with a weak solution of 
bichlorid or carbolic acid, or one of the hypochlorites. Such 
measures are grateful to the patient and are a decided help 
in destroying the superficial infectiop and of preventing 
it from leaving the body in a live and active form. 

As the eruption frequently appears upon the mucous mem- 
branes, especially of the mouth and throat, the sputum may 
be contaminated and should be disinfected. The urine and 
the excreta are not believed to contain the virus, but as they 
are very apt to become contaminated with the infection 
from the skin and other sources, they should be disinfected 
by the methods given for these substances in another por- 
tion of this volume. The vessels containing these excretions 
must be carefully disinfected. 

Smallpox is very apt to be complicated with abscesses and 
ulcers upon the skin. These sores often suppurate for a long 
time and the pus discharged from them contains the virus of 
the disease, and must therefore be disinfected. 

The hair wiU need particular attention to prevent the desic- 
cation and diffusion of the crusts and flakes of epiderm. If 
the hair is long and the eruption abundant upon the scalp 
the hair had better be cut to prevent the matting and de- 
composition of the crusts. In the cutting care should be 
taken to prevent particles flying about by keeping the hair 
moist, and gathering it all together in a cloth wet with bi- 
chlorid I : 1000 and the whole immediately burned. 

The infection of smallpox is so readily diffused that not 
only the objects coming in contact with the patient and his 
discharges will need treatment, but the entire room and its 
contents must be disinfected. The room in which the pa- 
tient is treated should contain only the necessary articles, 
23 



31 6 DISINFECTION AND DISINFECTANTS. 

and all carpets, hangings, upholstered furniture, and other 
objects not necessary for the care and comfort of the patient 
should be removed. The windows should be screened to 
prevent the ingress and egress of flies and other insects, for 
it is reasonable to suppose that flies which come in contact 
with the eruption may convey the infection on their feet 
and smeared upon their bodies, to persons in other rooms 
of the same house or to other houses. It is also well to 
keep a sheet wet with a solution of bichlorid hanging in the 
doorway leading from the sick-chamber, and to restrict the 
communication with the sick-room to a minimum. 

The room in which a case of smallpox is treated should 
have all its surfaces mopped at least once a day with an 
antiseptic solution such as bichlorid i : looo, and dry sweep- 
ing and dusting must be prohibited, as well as anything 
which has a tendency to raise the dust. 

The towels, bedding, body linen, clothing, and other 
fabrics which have in any way come in contact with the 
patient or the infection, should be gathered in a sheet wet 
with a bichlorid solution, and then immediately boiled, 
steamed, or immersed in one of the disinfecting solutions. 

The disinfection of the room and its contents after con- 
tamination with a case of smallpox may best be accomplished 
with one of the gases, either formaldehyd or sulphur dioxid 
being available for this purpose. 

These gases cannot be depended upon for more than a 
surface disinfection; therefore carpets, hangings, clothing, 
bedding, upholstered furniture, and other objects needing 
deeper penetration to purify them must be removed for 
other treatment appropriate to each object as described in 
another section. The preparation of the room for the gaseous 
disinfection is very important and has been described in 
another place, page 84. In removing objects from the 
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room for disinfection care must be taken to carefully wrap 
them in a sheet wet with bichlorid solution, or, if this is 
not practicable, to thoroughly disinfect the surface of the 
object by washing it down with one of the antiseptic solu- 
tions. 

CHICKEN-POX. 

Chicken-pox, or varicella, is an acute communicable dis- 
ease frequently occurring in epidemics among the children. 
The disease has no relation to smallpox. It is characterized 
by a febrile condition and an eruption of vesicles upon the 
skin. 

The cause of chicken-pox is not known. 

The period of incubation is ten to fifteen days. 

The disease is highly "contagious" in the same sense 
that smallpox is — that is, by contact between the sick and 
the well. 

As far as disinfection is concerned, precisely the same 
methods and agents recommended for smallpox are appli- 
cable to this disease. 

MUMPS. 

Mumps, or epidemic parotitis, is a communicable disease, 
sometimes occurring in epidemic form. It is characterized 
by an inflammation of the parotid gland. 

The cause of mumps is not known. 

The period of incubation is from two to three weeks. 

The disease is communicated from the sick to the well, 
but how has not been determined. It is supposed that the 
saliva contains the infective principle, and therefore hand- 
kerchiefs and other fabrics and objects which come in con- 
tact with the secretions from the mouth shoukl be disin- 
fected. 
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MEASLES. 

Measles is a highly communicable disease occurring in epi- 
demics. It is characterized by a fever, catarrhal symptoms, 
especially of the mucous membranes of the respiratory tract, 
and by a rapidly spreading eruption with desquamation of 
the epidermal layer of the skin. 

The period of incubation is usually about ten days, but 
may be as long as twenty days. 

The cause of measles is not known. Prom observations 
made it is very probable that the specific agent is thrown 
off in the breath of the affected person; in other words, this 
may be one of the few air-borne infections. The disease is 
communicated by the secretions, particularly that of the 
nose, and there is no doubt but that the desquamating epi- 
thelial flakes may transmit the infection. In these respects 
measles resembles smallpox very closely so far as the methods 
and channels of infection are concerned. 

As with smallpox, the infection may also be conveyed 
through a third person, or by fomites — ^that is, inanimate 
things. 

The disinfection for measles is precisely the same as that 
described in detail for smallpox and need not be repeated 
here. (See page 312.) 



SCARLET FEVER. 

Scarlet fever is a communicable disease occurring in most 
large communities and from time to time breaking out in epi- 
demic form, especially among the children. The disease is 
characterized by a sore throat, a diffuse eruption and desqua- 
mation of the epidermal layer of the skin, frequently in large 
flakes. 
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The cause of scarlet fever has not been determined. 

The period of incubation is very variable and not well 
determined. It may vary from three to twelve days. 

The disease is communicated directly from the sick to the 
well, probably through the agency of the fine scaly particles 
which are diffused with the dust throughout the room. The 
infectious principle is probably not given off until the erup- 
tion appears, and there is no doubt that the specific agent is 
found in and spread by the desquamating skin, and also the 
sputum. The infection clings with great persistence to 
clothing of all kinds and to articles of furniture and other 
objects in the room. In this respect the infection of scarlet 
fever resembles that of smallpox very closely. Bedding 
and clothing that have been put away for months and even 
for years may, unless, thoroughly disinfected, convey the 
infection. Physicians, nurses, and others in contact with 
the patient may carry the infection to persons at a distance. 

Epidemics of scarlet fever have also been traced to the 
milk, and there is little doubt but that this fluid may be 
responsible for the spread of the disease. 

As far as the disinfection for scarlet fever is concerned, 
we must be guided wholly by analogy and by experience. 
As the disease is spread largely as diphtheria and smallpox 
arc spread, we have applied the same agents and principles 
for the disinfection of scarlet fever as for these diseases. 



WHOOPINQ-COUQH. 

Whooping-cough is a communicable disease, characterized 
by paroxysmal spells of coughing that end with a peculiar 
inspiratory "whoop." The disease occurs in widespread 
epidemic form and is frequently fatal, especially in young 
children. 
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The cause of whooping-<x>ugh is not known. 

The period of mcubation is variously stated as from two 
to ten days. 

The disease is communicated directly from the sick to 
the well through the secretions of the mouth and the 
respiratory tract as in the case of diphtheria. There is 
also reason to believe that the virus from this source may 
be harbored upon handkerchiefs and towels, in clothing 
and bedding, and upon furniture and objects in the room, 
and transmit the disease to other persons. 

So little is known as to the cause of whooping-cough and 
the precise method of its spread that we have no accurate 
scientific data upon which to base our disinfection. 

All handkerchiefs, towels, eating utensils, and other ob- 
jects which come in contact with the secretions of the mouth 
should be boiled or steamed. The room in which the patient 
is isolated should be frequently mopped with a solution of 
bichlorid i : looo or carbolic acid 3 per cent. After the 
symptoms have disappeared the room should be given a 
general disinfection with one of the gases, either formaldehyd 
or sulphur dioxid. These measures are based upon general 
principles and analogy to similar infections of a known 
nature. 



INFLUENZA. 

Influenza is a highly communicable disease, occurring in 
widespread epidemics. It spreads with greater rapidity than 
any known infection. In a few weeks a whole continent 
may be involved. 

The disease is characterized by fever, catarrhal inflam- 
mation of the mucous membranes, and prostration. The 
symptoms are very inconstant. 
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The period of incubation is stated as from one to four 
days, oftenest three to four days. 

The cause of influenza is believed to be the bacillus de- 
scribed by Pfeiffer in 1892. It is a very slender, non-motile 
rod, growing with difficulty upon the culture media used 
in the laboratory. 

It does not have spores. 

The disease is "contagious" in the sense that it is com- 
municable by contact between the sick and the well. The 

Fig. 87. 




Influenza Bacillus. —(Civr/ir.) 

infection spreads along the lines of travel. It was believed 
that the disease has the power of spreading quicker than 
railroad trains or ships could convey the sick or the infec- 
tious material, and it was therefore assumed that the causa- 
tive agent was in the air and was conveyed from place to 
place as a result of certain ill-defined meteorologic condi- 
tions. This, however, is probably not the fact. The dis- 
ease has apparently been limited and kept from institutions 
by isolation and other precautions, including disinfection. 
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The infection is probably taken into the system through 
the respiratory tract, although there is little definite evidence 
to prove this assumption. 

The bacillus of influenza is found in great numbers in the 
secretions from the mouth and nose of those suffering with 
the disease, and the infection is chiefly eliminated through 
these channels. The bacillus is not found in the blood. 

The bacillus of influenza is a very frail organism outside 
of the body; in fact, it is very difficult to keep it alive 
upon culture media, even under the most favorable condi- 
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Influenza Bacillus in Sputum. 



tions of moisture, temperature, etc. It dies quickly when 
dried, whether in pure culture or in sputum. A moist tem- 
perature of 6o® C. will destroy the infection in ten minutes ; 
boiling water or steam, at once. 

It is extremely susceptible to germicidal agents when 
exposed in pure culture. Pormaldehyd and sulphur dioxid 
are trustworthy disinfectants in the strengths and times 
as stated for the employment of these gases. 

The chemical solutions in their ordinary strengths as em- 
ployed for non-spore-bearing infections will kill the bacillus 
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of influenza; for example, bichlorid of mercury i : looo, 
carbolic acid 3 to 5 per cent., tricresol i per cent., formalin 
3 to 5 per cent. 

The disinfection for influenza resembles that recommended 
for diphtheria or tuberculosis, especially as the infection is 
largely thrown oflf from the body in the expectorated matter, 
and the principles and methods described for those diseases 
are applicable to this infection. For the treatment of the 
sputum see page 226. The handkerchiefs, towels, bedding, 
and other fabrics that come in contact with the infection 
should be boiled, steamed, or immersed in one of the germi- 
cidal solutions mentioned above. 

As the infection of influenza is evidently readily diffused 
into the air, the sick-room should be given a general puri- 
fication with one of the gaseous disinfectants, preferably 
formaldehyd. 

ERYSIPELAS. 

Erysipelas is a communicable disease, sometimes occurring 
in epidemics. It is characterized by a special inflammation 
of the skin, with fever and all the characteristics of an acute 
specific infection. 

The period of incubation is variable, probably from three 
to seven days. 

The cause of the disease is the Streptococcus erysipelatis, 
or the Streptococcus pyogenes, sometimes called the micro- 
coccus of Fehleisen, who first obtained this organism from 
the skin of cases of erysipelas in 1883. It grows in chains 
of minute spherical cells, and can be cultivated at the body 
temperature only with difficulty upon culture media. 

The micrococcus of erysipelas does not have spores. 

It is always found in the inflamed region, especially in the 
spreading zone of inflammation, Tb^ organism usually r^* 
24 
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mains localized at the seat of the lesion, but it may invade 
the blood and with its toxin give rise to serious and often 
fatal complications. 

It is believed that the infection of erysipelas always enters 
the system through wounds in the skin or mucous mem- 
branes. These wounds may be such slight fissures or abra- 

Ftc. 89. 



Various Appearances of SxBEPTococa from Bouillon Cultuees. 

sions as not to be visible to the naked eye. Before the days 
of asepsis and antisepsis erysipelas was a frequent complica- 
tion of wounds, and was often found in epidemic form in 
hospitals and camps. 

The infection of erysipelas is eliminated from the body 
in the pus and secretions from the seat of the inflammation, 



DISINFECTION FOR THE COMMUNICABLE DISEASES. 325 

and perhaps also in the desquamating skin from the inflamed 
area. 

Outside of the body the micrococcus of erysipelas is a very 
frail organism. It dies and loses its virulence very quickly 
when dried, especially in the sunshine. It is very suscep- 
tible to heat and antiseptics. 

It is killed by a moist temperature between 52° and 54° 
C. in ten minutes. Boiling water or steam at a temperature 
of 100° C. destroys the infection at once. 

Formaldehyd and sulphur dioxid in the strengths and 
time as stated for the employment of these gases are efficient 
disinfectants for the micrococcus of erysipelas. 

It is also destroyed by the ordinary germicidal solutions 
in the strengths employed for the destruction of the non- 
spore-bearing bacteria; for example, bichlorid of mercury 
I : 1000, carbolic acid 3 to 5 per cent., tricresol i per cent., 
formalin 3 to 5 per cent. 

The bandages and other dressings from a case of erysipelas 
should be burned or thoroughly boiled. The bedding, 
towels, and other fabrics that have come in contact with 
the patient or the infection must be boiled, steamed, or im- 
mersed in one of the germicidal solutions. The hands of 
the nurse and all objects that have in any way come in con- 
tact with the infected secretions must be disinfected by 
methods appropriate for each object. 

Rooms that have become contaminated with the infection 
of erysipelas should be given a disinfection with one of the 
gases, followed by a thorough cleansing. 



DENQUE. 

Dengue is a communicable disease occurring in epidemic 
form in tropical and subtropical regions. The disease is 
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characterized by fever, pain in the joints and muscles, and 
sometimes a rash. 

The cause of dengue is not known. 

The period of incubation is from three to five days. 

The disease spreads from place to place along the lines 
of travel — on ships as well as railroads. The infection seems 
apparently to be in the air (?), for the disease is remarkable 
in attacking all the members of a community whether they 
have apparently come in contact with the sick or not. It 
spreads over a great expanse of territory in a very short 
time. Practically nothing is known of the method by which 
the contagion is thrown oflf from the body, or the channels 
of infection. As far as known the disease never proves fatal, 
and few observations have been made upon its pathology. 

Disinfection is not practised to check the spread of dengue, 
and as long as we know so little of its nature and the con- 
veyance of the infection, we could not hope to accomplish 
much with the ordinary methods of disinfection. 

The recent work of Graham states that dengue is caused 
by an animal parasite, similar to the protozoon of malaria, 
and that the disease is spread by the mosquito. 



TYPHUS FEVER. 

Typhus fever is a highly communicable disease, formerly 
occurring in very severe epidemics. It is now rarely seen. 
Typhus fever is also called spotted fever, jail fever, 
camp fever, ship fever, hospital fever. It spreads, as its 
name indicates, in filthy, overcrowded, and unsanitary 
places. The disease in former years claimed many victims 
in Europe and this country, but since modern improvements 
in sanitation have been introduced into cities and institu- 
tions, and the misery of poverty has been diminished, there 
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seems to be no tendency for the disease to spread, although 
it is always present in some of the large cities. 

Typhus fever is an acute, specific, febrile disease, char- 
acterized by a sudden onset, severe depression, and a rash. 
The fever usually terminates by crisis about the end of the 
second week. 

The cause of typhus fever is not known. 

The period of incubation is given as twelve days, but it 
may be less. 

Typhus fever is believed to be "contagious** in the sense 
that it is communicated by contact between the sick and 
the well. When the disease exists in epidemic form, it is the 
most highly contagious of all the diseases of man. The 
nurses, physicians, and those who come in contact with the 
patient are the first to take the disease. Few escape. 

The specific virus, whatever it may be, seems to be given 
off into the atmosphere surrounding the patient, perhaps 
in the exhaled breath. Practically nothing of an exact 
nature is known as to how the poison is excreted from the 
body or how the infection is introduced into the system. 

It is evident that sanitation is much more needed to pre- 
vent the spread of this disease than disinfection; in fact, 
while disinfection is practised for typhus fever, there is 
nothing to indicate that it is efficacious in preventing the 
spread of the disease. 



RELAPSING FEVER. 

Relapsing fever, also called "famine fever" and "seven 
day fever," is a communicable disease sometimes occurring 
in epidemic outbreaks. The disease is common in India, and 
has from time to time extensively prevailed in Europe and 
Ireland. In 1869 it prevailed as an epidemic in New York 
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and Philadelphia ; since then it has not reappeared in epi- 
demic form in this country. 

Relapsing fever is characterized by a sudden onset with 
a chill, followed by fever lasting about a week. There is 
then an intermission of the same length of time, followed by 
a repetition of the febrile paroxysm. The relapses, from 
which the affection takes its name, may repeat themselves 
four or five times. 

The time of incubation appears to be very short, and in 
some instances the attack appears soon after the exposure. 
More frequently the time of incubation is five to seven days. 

Relapsing fever is caused by a spiral-shaped micro-organ- 
ism in the blood discovered by Obermeier in 1873, ^^^ called 
the SpiroclKBta obermeieri. It is an actively motile, narrow, 
spiral filament, found in the blood only during the fever. 
It has never been grown on artificial media, and nothing 
is known of its existence in nature outside of the body. 

The channels of entrance into and the modes of elimina- 
tion from the body are not known. 

Relapsing fever develops and spreads under the same 
conditions that favor typhus fever. Sanitation seems to be 
more important than disinfection. As the disease may be 
transmitted by inoculating the blood of the sick into the 
well, perhaps biting insects convey the infection. 



GLANDERS. 

Glanders, or farcy, is a widespread communicable disease 
of horses, mules, asses, and other animals. It is occasionally 
communicated to man. In both man and horses it is re- 
markable for its fatality. 

The disease is characterized by the formation of inflam- 
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matory nodules, either in the mucous membrane of the 
nose (glanders) or in the skin (farcy). 

The period of incubation of the acute form of glanders 
in rarely more than three or four days. 

Glanders is caused by the Bacillus mallei. This organism 
is a slender, non-motile rod, and grows well upon the arti- 
ficial culture media used in the laboratory. 

It does not have spores. 

The infection may be introduced into the system either 
through the skin or mucous membrane of the respiratory 
tract. In the former case the disease is usually communi- 
cated from the horse to man by contact with the infected 
discharges, which gain entrance into the system through 
wounds in the skin, giving rise to the form of the aflfection 
known as farcy. The disease is sometimes communicated 
from man to man. Washerwomen have become infected 
from the clothes of a patient. When the infection is de- 
posited upon the mucous membrane of the nose, the form 
of the disease known as glanders results. 

The inflammatory nodules which characterize the disease 
have a tendency to break down, causing ulcers and abscesses, 
and the infection is eliminated from the body in the pus and 
secretions from the seat of the lesions. 

In general the bacillus of glanders is killed by the same 
agents used against the tubercle bacillus, which it resembles 
in many particulars. 

As far as disinfection to prevent the spread of the disease 
is concerned, the same measures that have been described 
in detail for diphtheria and tuberculosis are applicable to 
glanders. 



ACTINOMYCOSIS. 

Actinomycosis is a disease of man and some of the domestic 
animals, more especially cattle, horses, and pigs. The affec- 
tion is commonly known as "big-jaw," "lumpy-jaw," or 
"wooden -tongue." The disease _is rare in man. 

Actinomycosis is characterized by a tumefaction and in- 
flammation of the tongue and adjacent tissues of the jaw. 



The lips, cheeks, bones, lungs, skin, and other tissues of the 
body may be affected. When the infection appears in the 
lungs of man, the disease resembles pulmonary tubercu- 
losis. There is also an intestinal form of the disease. 

The cause of actinomycosis is a ray-fungus, the Actino- 
myces. This organism is a streptothrix, having branching 
filaments. It may be grown in pure culture on the arti- 
ficial media used in the laboratory. 

In the pus and secretions of the lesions are found peculiar 
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white or yellowish bodies, visible to the naked eye, that 
have the appearance of fine grains of sulphur or sand. Under 
the microscope these little bodies are seen to consist of a 
rosette of mycelial threads with numerous oval, spore-like 
bodies in the center. 

How the organism enters the system is not known. It is 
doubtful whether the disease may be communicated from 
man to cattle, or from cattle to man. It seems more prob- 
able that both man and cattle receive the infection from 
the same external source. The infection is probably most 
frequently taken into the mouth with the food. In this 
way either the tongue or the adjacent tissues of the mouth 
and jaw become infected through minute wounds, abrasions, 
or through carious teeth. Barley and rye are looked upon 
with most suspicion. The fungus or its spores may also enter 
the system with the drinking water, to cause the abdom- 
inal form of the disease, or with the dust to cause the pul- 
monary form. 

The irritation caused by the presence of the parasite in 
the tissues sets up a specific inflammation resembling tuber- 
cles. The nodules have a tendency to break down and the 
infection is eliminated from the body in the pus and dis- 
charges from the local lesions. 

Little is known as to the resistance of the fungus of actino- 
mycosis, or of its existence in nature outside of the body. 
The sputum and the dejecta in the abdominal cases should 
be disinfected in accordance with methods already given. 
The bandages and other objects which have become soiled 
with the discharges should be burned or disinfected with 
steam or boiling water. On account of the presence of 
spores it will be necessary to use disinfecting agents which 
will destroy their vitality. See Anthrax and Tetanus. 
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MADURA FOOT. 

Madura foot is an infection occurring mostly in the prov- 
ince of Scinde, in India. Several cases have been recognized 
in this country. The disease is also called mycetoma, Madura 
disease, fungus foot of India, pied de Madura. 

The disease is characterized by a specific granulomatous 
inflammation caused by the fungus, Streptothrix madtirce, 
similar to the ray-fungus of actinomycosis. 

The fungus of Madura foot may be obtained in pure 
culture from the affected nodes. It grows well in acid 
vegetable infusions. 

Upon the surface of agar strikingly beautiful, rounded, 
glazed colonies are formed. They become rose-colored or 
bright red. Under the microscope this organism is plainly 
seen to be a true fungus, as it has branching forms. Spores 
can be distinguished in the long mycelial threads. 

The fungus gains entrance into the body through wounds 
in the skin, and by its irritating presence sets up a chronic 
inflammatory process. The disease is often traced to the 
prick of a thorn. 

The feet are usually affected, sometimes the hands, and 
in one case that has been reported, the shoulders and hip. 
The onset of the affection is very insidious. Small indu- 
rated nodules form at the site of the infected part, which is 
frequently situated upon the pad of soft tissues forming 
the ball of the foot, or the thumb. These nodes gradually 
grow larger, until, after the lapse of months, they attain a 
perceptible size, sometimes to enormous growths. 

Later, perhaps not until the lapse of a year or two, the 
inflamed and indurated mass softens and breaks down, 
forming abscesses and sinuses. The bones, as well as the 
soft parts, may be involved. 
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The discharge from the seat of the lesion contains small 
bodies resembling those found in actinomycosis. These 
bodies are described as resembling the grains of black gun- 
powder, coming from that form of the disease known as 
melanoid mycetoma, or resembling shad-roe, coming from 
the pale or ochroid variety of the disease. They consist of 
a dense radiate mycelium, similar to the bodies found in 
the lesions of actinomycosis. 

The infective agent is probably eliminated from the body 
only in the discharges from the seat of the lesion. 

The disease is probably not communicated directly from 
man to man. While the mode of entrance of the ray-fungus 
of mycetoma into the human body has not been deter- 
mined with certainty, there seems little doubt but that it 
gains entrance by inoculation into the soft tissues, in a 
manner similar to actinomycosis. 

The malady is often traced to wounds in the affected 
region. 

While the fungus of mycetoma has been obtained in pure 
culture from the seat of the lesions, and has been grown on 
the culture media used in the laboratory, practically nothing 
is known of its existence in nature outside of the body. 
The strengths of germicidal agents necessary to destroy its 
life must be siumised from analogy to other better known 
spore-bearing fungus growths, as little has been done to 
test its resistance. 

The dressings which have become soiled with the dis- 
charges should be biuned. Articles which have become con- 
taminated with the infection should be boiled, steamed, or 
subjected to strong germicidal solutions sufficient to kill 
spores, such as anthrax or tetanus. 
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ANTHRAX. 

Anthrax is a communicable disease, occurring as a wide- 
spread infection of the lower animals, especially sheep and 
cattle. It is occasionally communicated to man. Anthrax 
is also called malignant pustule, splenic fever, charbon, and 
wool-sorter's disease. 

The disease is characterized by a variety of symptoms 
depending upon the seat of the lesion. If the infection is 
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introduced into the skin, a local reaction results causing the 
"malignant pustule.*' The inflammation spreads through 
the lymphatics and may invade the blood. When the infec- 
tion is taken into the respiratory tract, it causes a violent 
inflammation resembling bronchitis or pneumonia, and is 
called wool-sorter's disease. Sometimes the infection is 
taken into the intestinal tract, producing symptoms of an 
intense poison. All fonns of the disease frequently result 
fatally. 

Anthrax is caused by a typical, non-motile rod, the Bacil- 
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lus anthracis. This bacillus has been carefully studied by 
Koch, Pasteur, and many other scientists, so that it is prob- 
ably the best known of the pathogenic micro-organisms. The 
bacillus of anthrax multiplies by fission with great rapidity, 
and grows abundantly upon the ordinary culture media 
used in the laboratory. 

Fig. 94. 




Anthrax Bacilli, Showing Spores. 



It has spores. After a few days' growth each bacillus 
develops within itself a highly refractive, oval body, the 
true endospore. 

The usual method by which the infection of anthrax enters 
the system is through fissures, abrasions, or wounds of the 
skin. This is especially apt to take place upon the exposed 
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surfaces — the hands, arms, and face — of those who work 
with hides and other infected objects. The infection may 
also be taken into the intestinal canal as a result of eating 
meat or drinking milk of diseased animals. Small epidemics 
have been described as a result of a number of persons eating 
the flesh of an animal that had had anthrax. The third 
channel through which the infection may enter the system 
is through the respiratory tract. This form of the disease 



Anthrax Colo n v.— 



occurs in large establishments in which wool and hair arc 
sorted and cleaned, and is therefore called wool-sorter's 



The infection of anthrax is eliminated from the body in 
the pus and discharges from the vesicles, carbuncles, and 
broken-down tissue which are frequently found associated 
with the disease. In the pulmonary form the infection is 
eliminated from the body in the expectoration. In the 
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intestinal variety the discharges from the bowels contain the 
infective principle. 

The infection has been conveyed by flies, probably in the 
same way that these insects spread the infection of typhoid 
fever. 

The bacillus of anthrax itself is readily destroyed, but the 
spores have a high degree of resistance to heat and chemical 
agents, so that much more powerful disinfectants are re- 
quired to kill this infection than are required for the non-spore- 
bearing bacteria, such as diphtheria, cholera, tuberculosis, 
typhoid fever, plague, pneumonia, etc. The disinfection for 
anthrax is one of the most difficult problems with which we 
have to deal. 

Drying has little effect upon the spores of anthrax. They 
have been preserved in a dry state for years without losing 
their vitality and virulence. A dry heat of 150° C. con- 
tinued for one hour is necessary to kill them. A tempera- 
ture of 140® C. cannot be trusted to kill the dry spores even 
after four hours' exposure. ' 

As far as moist heat is concerned, nothing less than boil- 
ing water or steam at 100° C. can be considered trustworthy. 
It is true that the spores suspended in a liquid are usually 
killed by the boiling temperature in a few minutes, but 
occasionally anthrax spores are met with which show a high 
degree of resistance to these conditions, and it is therefore 
necessary to prolong the exposure to two hours in order 
to insure penetration. 

Anthrax spores may be killed with superheated steam with 
certainty, and this is the most trustworthy method of dealing 
with the infection. An exposure of fifteen minutes to steam 
at 120° C. or twenty minutes to steam at 115** C. is quite 
sufficient. 

Formaldehyd gas and sulphur dioxid are incapable of 
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destroying the infection with certainty and are therefore 
totally inapplicable. 

It requires one hour for a i : looo solution of bichlorid to 
kill anthrax spores. A i : 500 solution acts more quickly 
and should be used in dealing with this infection. 

Carbolic acid cannot be depended upon to destroy the 
spores of anthrax, and therefore is not applicable for dis- 
infection against this disease. Tricresol in 2 per cent, solu- 
tion or lysol in 2 per cent, solution may be used. 

It requires a 33 per cent, solution of formalin (containing 
40 per cent, formaldehyd) to destroy anthrax spores in 
fifteen minutes. A 15 per cent, solution takes one hour 
and a half to accomplish the same result. 

The strengths of the disinfecting solutions as here given 
are all based upon their germicidal action at ordinary tem- 
peratures. Their power is very much increased by using 
them hot, and it is recommended always to use these solu- 
tions at or near the boiling-point in attacking such a resistant 
infection as anthrax spores. 

It will be found safest to bum the bandages, dressings, and 
other objects of little value that have become soiled with the 
discharges from a case of anthrax. The bedding, clothing, 
and other fabrics that have become contaminated must be 
disinfected by steam or by immersion in one of the strong 
hot germicidal agents, using these agents under the condi- 
tions which are known to destroy the spores. 

The disinfection of cadavers or carcasses dead of anthrax 
is a very important and difficult matter. The infection may 
live for years in the soil, which becomes contaminated from 
the bodies of animals even when buried deeply. The worms 
have been known to bring the spores in their intestinal canal 
to the surface, thereby giving rise to fresh infection after 
the lapse of a long time after the infected carcass was buried. 
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Burning is the best method of disposing of bodies dead of 
anthrax. This is not always practicable in the case of large 
animals, such as sheep and cattle. In districts where the 
disease prevails isolated cemeteries have been provided in 
order to limit the infection to a definite area. In regions 
where many animals die of the disease they are sometimes 
treated in a bath of strong sulphuric acid, and the resulting 
products used commercially. In isolated cases it is some- 
times possible to boil the carcass piecemeal. If the bodies 
are buried it is important not to bleed, open or mutilate the 
carcass in any way, for the reason that the spores of anthrax 
do not form in the body unless the bacilli have access to the 
oxygen of the air. 

TETANUS. 

Tetanus is a communicable disease prevalent in certain 
localities and sometimes occurring in epidemic form in in- 
stitutions, camps, or among the newly bom children. 

The disease is characterized by cramps of the voluntary 
muscles, beginning with the muscles of the jaw, which gives 
the name of lockjaw or trismus to the affection. 

The period of incubation is usually within ten days. 

Tetanus is caused by the bacillus of tetanus, first isolated 
by Kitasato in j 889. This organism is a slender rod, actively 
motile, and sometimes grows out into long filaments. 

It has spores. They are small, round, glistening bodies, 
appearing upon one end of the bacillus, and giving it the 
shape of a pin. The spores become detached from the 
bacilli and have an independent existence, and a very high 
degree of resistance to heat, germicidal agents, and external 
influences. Under favorable conditions, such as the presence 
of moisture and albuminous matter and the absence of oxy- 
gen, the spores are capable of germinating into bacilli. 
25 
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A peculiarity of the bacillus of tetanus is that it cannot 
grow and multiply in the presence of oxygen. This gas, 
which is so necessary to the life of almost all animals and 
plants, acts as a violent poison or strong germicide to the 
bacillus of tetanus. Even minute traces of oxygen will 
prevent the growth of tetanus, and in higher percentages, 
such as the amount of the gas as found in the atmosphere. 

Fig. 96. 




Tetanus Bacilli, Showing Spores. 

will kill the bacillus at once. On the other hand, oxygen 
has no effect upon the spores of this infection. 

The disease is always contracted through wounds, which 
may be of a trifling character. Deep or punctured wounds 
are more apt to develop tetanus because the oxygen of the 
air prevents the development and activity of the organism 
should it lodge upon the surface. There is very little 
reaction or inflammation set up at the seat of the inocula- 
tion. The organism germinates and multiplies locally in 
the wound without invading the blood or the deeper tissues. 
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The symptoms of the disease result from the formation 
of a poison called the tetanus toxin, which is soluble and is 
absorbed into the system and produces its baneful action 
upon the nervous matter. The toxin of tetanus, which 
is produced by the growth and multiplication of the bacillus 
within and without the body, is one of the most violent 
poisons known. An infinitesimally small amount is sufficient 
to kill a susceptible animal. 

The infection is eliminated from the body in the pus 
and discharges from the wound. 

The infection is kept alive and spread largely owing to 
the fact that many of the lower animals, particularly horses, 
are susceptible to the disease. The spores are taken with 
the hay, grass, and other food of these animals into their 
intestinal canals, where they germinate and multiply in great 
numbers, and are passed out in the manure. In this way 
the soil of almost all inhabited localities becomes contami- 
nated with the infection of tetanus. The manure from 
horses or rich garden earth inoculated under the skin of 
a mouse or susceptible animal will in the great majority of 
cases cause the disease. 

The disinfection of tetanus resolves itself into the de- 
struction of the spores. In general the degree of resistance 
of these spores resembles those of anthrax very closely, 
and the methods of disinfection are the same. 

Tetanus spores retain their vitality for months in the 
soil, in mantue, and in putrefying materials. Drying has 
little effect upon them. A dry heat of 150^ C. continued 
one hour is necessary to kill them with certainty. 

They withstand a moist temperature of 80^ C. for one 
hour, but are killed by boiling water or by steam at 100^ C. 
in a few minutes. In actual practice it is necessary to 
expose objects to boiling water or to steam no less than two 
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hours in order to insure penetration and the destruction 
of the spores. 

Steam under pressure is the most reliable disinfecting 
agent we possess for this resistant infection. An exposure 
of fifteen minutes to steam at a temperature of 120** C, or 
twenty minutes to steam at a temperature of 115° C, will 
surely kill the spores. 

A 5 per cent, solution of carbolic acid requires fifteen 
hours to kill tetanus spores and is therefore inapplicable as 
a disinfectant for this disease. Tricresol or lysol in 2 per 
cent, solution may be used, with an exposure of two hours. 

The spores show a high degree of resistance to a i : 1000 
solution of bichlorid of mercury. In actual practice a 
I : 500 solution should be used. 

Germicidal solutions are so much more powerful when 
used hot that it is strongly recommended to use them at or 
near the boiling-point. 

Formaldehyd gas and sulphur dioxid cannot be depended 
upon to destroy tetanus spores and are therefore totally 
inapplicable as disinfectants for this disease. 
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Bacillus leprae, 291 

mallei, 331 

of glanders, 331 

of influenza, 321 

of tetanus, 341 

pestis, 275 

tuberculosis, 280 

typhosus, 249 
Bactena, 24 
Ballast, 241 
Bandages, 193 
Bathing water, 244 
Baumgarten, 336 
Bedding, 195 
Bed Unen, 193 
Beds, 194 
Behring, 147, 172 
Benzozone. See Acetozone 
Bert, 143 

Bichlorid of mercury, 152 
Big-jaw, 332 
Bisulphid of carbon, 181 

of Ume, 185 
Black death, 274 
Blunt, 36 
Body linen, 193 
Boihng, 41 

water, 42 
Books, 196 
Brushes, 195 
Bubonic plague, 274 
Buchner, 34 
Buhach, 182 
Bulbs, 207 
Burning, 37 

C. 

Cadavers, 197 
Calcium hydrate, 165 

hypochlorite, 169 

oxid, 165 
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Camp fever, 326 
Caps, 210 
Carbolic acid, 156 

for excreta, 205 
Carbon bisulphid, 181 

dioxid against rats, 188 
Cargo, 239 
Carpets, 200 
Carriages, 198 
Cars, 198 

cattle, 219 

flat, 218 

freight, 218 

partor, 219 

railroad, 218 

sleeping, 220 
Casks, water, 239 
Cattle cars, 219 
Centigrade scale, 345 
Cerebro-spinal meningitis, 311 
Ceresole, 207 
Chamberland, 169 
Charbon, 336 

Charcoal as a deodorant, 20 
Chemical solutions, general con- 
siderations, 145 
methods of using, 149 
Chicken-pox, 317 
Chlorid of lime, 167 

of zinc, 171 
Chlorin, 141 
Chlorinated lime, 167 

for excreta, 204 
Cholera, 258 

mild cases spread the infec- 
tion, 27 
Christen, 46 
Cisterns, 246 
Cleanliness, 20 
Clothing, 199 
Coaches, day, 219 
Coal oil, 180 
Coed, 24 
Colors, 200 
Combs, 202 
Comma bacillus, 261 
Communicable disease, definition, 

25, 26 
Consumption, 280 
Contagious disease, definition, 25, 

26 
Copperas, 170 
Cotton, 201 
Cremation, 38 



Creolin, 159 

Cresols, 158 

Croupous pneumonia, 304 

Culex mosquito, 295 

Currency, 215 

Curry, 277 

Curtains, 202 

Cyclops, 304 

D. 

Danyz' virus, 188 
Day coaches, 219 
Dead bodies, 197 
Dengue, 325 

Deodorant, definition, 19 
Dieudonne, 36 
Digester, 55 
Dilution, 17-20 
Diphtheria, 266 

mild cases spreading the dis- 
ease 26, 27 
Diplococcus intracelhilaris menin- 
gitidis, 311 
pneumonis, 304 
Disease spread through third per- 
son, 27 
Disinfectants, gaseous, 83 
Disinfecting chamber, steam, 57 

Kinyoun-Frands, 57 
Disinfection, definition, 17, 18 
excess of actual requirements 
necessary, 32 
Doty, 180 
Downes, 36 
Draperies, 202 
Dry dusting, 20 
earth, 206 
heat, 38 

and formaldehyd in par- 
tial vacuum, 79, 1 10 
Dryness, 20 
Dry-wall sterilizer, 38 
Dysentery, 265 

B. 

Earth, dry, 206 
Eberth badllus, 249 
Ejector for vacuum steam cham- 
ber, 62 
Electridty, 36 
Electric light, 34 
thermometer, 70 
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Electrolysis, 37 
Elephantiasis, 302 
Enteric fever, 249 
Epidemic cerebro-spinal menin- 
gitis, 311 
parotitis, 317 
Erysipelas, 323 
Esmarch, von, 36 
Excreta, 202 

F. 

Fahrenheit scale, 345 
Famine fever, 327 
Farcy, 328 
Feces (excreta), 202 
Fembach, 169 
Ferrous sulphate, 170 

for excreta, 205 
Filaria bancroftii, 303 
diuma, 303 
dracunculus, 304 
medinensis, 304 
perstans, 303 
sanguinis tiominis, 302 
Filariasis, 302 
Filters for water, 243 
Finlay, 297 
Fire, 37 
Fisher, 142 
Flat cars, 218 
Flax, 212 

Flies spreading typhoid fever, 250 
Floors, 207 

Flowers of sulphur as an insecti- 
cide, 184 
Fomites and yellow fever, 300 
Food, 206 
Foote, 171 

Formaldehyd attachment to 
steam chamber, 62 
disinfection by heating para- 
form, 117 
by spraying, 112 
with autoclave under 

pressure, 93 
with generator, 105 
withuimp, 105 
with retort without pres- 
sure, 98 
dry heat in partial vacuum, 

79, 110 
gas, 87 

as a deodorizer, 89 
as an insecticide, 185 

26 



Formaldehyd gas a surface disin- 
fecUnt, 91 
chemical composition, 88 
effect of temperature, 90 
effect on bacteria, 91 
effect on silk, wool, cot- 
ton, etc., 89 
effect on spores, 91 
necessity of moisture, 90 
not an insecticide, 92 
specific gravity, 88 
toxicity, 92 
neutralizing with ammonia, 

81, 92 
sprinkler, 113 
Formalin, 88 

composition of, 89 
deterioration of, 89 
disinfector, 117 
for excreta, 205 
lamp, 117 
reaction of, 90 
solutions, 160 
spraying method, 112 
Formic aldehyd, 87 
Formol, 88 
Freight cars, 218 
Fruits, 207 
Fulton, 137 

Fungus foot of India, 334 
Fur, 211 

Fiirbringer* s method for hands, 209 
Furniture, 208 

upholstered, 208 

O. 

Garbage, 38 

Gaseous disinfectants, 83 

Gauze, 193 

Geddings, 153 

Generator, formaldehyd, 105 

Geppcrt, 154 

Germicide, definition, 19 

Glanders, 328 

Glassware, 209 

Globig, 46 

Graham, 326 

Green vitriol, 170 

Gueran, 162 

Guinea worm, 304 

H. 

Haematozoa malariae, 292 
Hands, 209 
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Rats, destruction of, 187 

Ray-fungus, 332 

Rays of light, effect on germ life, 

33 
Reamur scale, 345 
Reed, 169, 297 
Refuse, 38 
Relapsing fever, 327 
Retort for evolving formaldehyd, 

98 
Reynard, 143 
Richardson, 36 
Rontgen rays, 34, 37 
Rooms, 222 

preparation of, 223 

for gaseous disinfection, 
84 
Roots (see Food), 207 
Rosenau, 35, 185, 277 
Rubber, 226 

boots, 226 

sheeting, 226 

shoes, 226 
Rubbish, 38 
Rugs {see Carpets), 200 

S. 

Salt as an antiseptic, 19 

Sanarelli, 300 

Saprol, 159 

Scarlet fever, 318 

Schatz's method for hands, 209 

Scheele's green, 178 

Schimmelbush, 211 

Scrofula, 280 

Serafim, 172 

Seven-day fever, 327 

Shiga, bacillus of, 265 

Ship fever, 326 

Ships. See Vessels 

Silks, 226 

Skin (see Hands), 209 

Skins, 211 

Slaked lime, 165 

Sleeping cars, 220 

Smallpox, 312 

mild cases spread the infec- 
tion, 27 
Soap, 172 

medicated, 173 
Sodium hypochlorite, 169 
Solutions, chemical, 145 
Solutol, 160 



Solveol, 160 

Spirilla, 25 

Spirillum cholers asiaticae, 261 

of relapsing fever, 329 
Spirochete obermeieri, 328 
Splenic fever, 336 
Spores, 18, 24 
Spotted fever, 326 
Spraying formalin, 112 
Sprinkler, formaldehyd, 113 
Sputum, 226 
SUbles, 229 
Standard for testing disinfectants, 

28 
Steam, 42 

chamber, €7 

for steam under pres- 
sure, 77 
for streaming steam, 76 
how to operate, 76 
loading, 74 
disinfector, Arnold, 47 
of Koch, 49 
of Merk, 54 

of Van Overbeek de 
Mayer, 53 
jacket, object of, 57 
streaming, 46 

effect on bacteria, 46 

on spores, 46 
in freight cars, 47 
in vessels, 47 
under pressure, 54 
without pressure. SeeStreani' 
ing Steam 
Stegomyia fasdata, 297 
Sterilization, definition, 18 

of water with ozone, 144 
Sterilizer, Arnold steam, 47 
dry-wall, 38 
hot-air, 38 
Koch, 49 
Merk, 54 

steam pressure, 55 
Van Overbeek de Mayer, 53 
Sternberg, 142, 163, 166, 167, 170. 

172 
Strengths of disinfectants, stand- 
ards of, 28 
Streptococcus erysipelatis, 323 

pyogenes, 323 
Streptothrix madurae, 334 
Sugar as an antiseptic, 19 
Sulphate of iron, 29, 170 
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Sulphur as an insecticide, 183 
dioxid, as a disinfectant, 118 
advantages and dis- 
advantages, 119 
amotmt of moisture 

necessary, 121 
amount to use, 120 
effect on animal and 
vegetable life, 118 
-121 
effect on metals, 120 
properties, 119, 120 
as an insecticide, 183 
methods of use: 

liquid sulphur di- 

oxid, 124 
pot method, 122 
sulphur furnace, 127 
furnace, 127 
Sulphurous add gas, 124 
Sunlight, 33 

Surgical instruments, 211 
Symbiosis, 20, 21 

T. 

Tableware, 231 
Tanks, water, 239 
Tentage, 231 

Tests tor disinfectants, 28 
Tetanus, 341 

bacillus, 341 
Thermometer for steam chambers, 

69-72 
automatic, 71 
electric, 70 
mercurial, 70 
metallic, 70 
of Merk, 71 
Third person communicating dis- 
ease, 27 
Time of exposure of disinfectants, 

standards of, 28 
Trenner-Lce formaldehyd retort, 

99 
Tricresol, 158 

for excreta, 205 
Trioxymethylene, 88 
Trismus, 341 
Tubercle bacillus, 280 
Tuberculosis, 280 
Typhoid fever, 249 

walking cases, 27 
Typho-toxin, 250 
Typhus fever, 326 



U. 

Upholstered ftuniture, 208 
Urine, 232 

V. 

Vaccine virus, effect of chlorin 

gas on, 142 
Vacuum in steam chamber, 60 
with formaldehyd and dry 
heat, 79, 110 
Van Overbeek de Mayer steam 

disinfector, 53 
Varicella, 317 
Variola, 312 
Variolation, 312 
Varioloid, 312 
VegeUbles, 206 
Vessels, 233 
Vibrios, 25 
Vitriol, green, 170 
Vulcanized rubber, 226 

W. 

Wagons. See Carriages and Rail- 
road Cars 
Walls, 242 
Water, 242 

ballast, 241 

bathing, 244 

boiling, 42 

casks, 239 

disinfection of, by ozone, 144 

pipes, 245 

tenks, 239 
Webster, 37 
Wells, 246 
White, J. H., 28 
Whitewash, 165 
Whooping-cough, 319 
Wooden tongue, 332 
Wool, 247 

sorter's disease, 336 



X. 



X-ray, 34, 37 



Y. 

Yellow fever, 296 

mild cases spread the in- 
fection, 27 

Z. 

Zeit, 37 

Zinc chlorid, 29, 171 
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DERCUM. Mental Therapeutics. Rest, Suggestion. See Cohen, 
Phyaiologie Therapeuticn, page 17. 

60RDINIER. The Gross and Minute Anatomy of the Central 
Nervous System. With full-page and other Illus. $6.00 

HORSLEY. The Brain and Spinal Cord. The Structure and 
Functioiiit of. Numerous Illustrations. $2.50 

IRELAND. The Mental AffecHons of ChUdren. 2d Ed. $4.00 

LEWIS (BE VAN). Mental Diseases. A Text-Book having 
Special Reference to the Pathological Aspects of Iiuanity. m 
Lithographic Plates and other Illustrations. 2d Kd. $7.00 
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MAUN. Manual of Piychological Medkine. 93.00 

PERSHING. Diagnotis of NerrouB and Mental Diaease. lUua- 
trated. SI. 25 

REOIS. Mental Medicine. Authorized Trannlation by H. M. 
Bannistbr« m.d. S2.00 

SCHOFIELD. The Force of Mind. S2.00 

STEARNS. MenUl Diseases. With a Disent of Lkv^b Relating 
to Care of Insane. Illustrated. Cloth. $2.75; Sheep, $3.25 

TUKE. Dictionary of Psychological Medicine. Giving the 
Definition, Etymology, and Symptoms of the Terms used in 
Medical Psycholog}^ ^rith the Symptom?, Patholof^y, and 
Treatment of the Kecogniied Formft of Mental Disorders. 
Two volumes. SIO.OO 

WOOD, H. C. Brain and Overwork. .40 

CHEMISTRY AND TECHNOLOGY. 

Special Catalooue of Chemical Books senl free upon apfrfieotum. 

ALLEN. Commercial Organic Analysis. A Treatise on the 
Modes of Assaying the Various Organic Chemicals and Prod- 
ucts Employed in the Arts, Manufactures, Medicine, etc., 
with Concise Methods for the Detection of Impurities, Adul- 
terations, etc. 8vo. 

Vol. I. Alcohols, Neutral Alcoholic Derivatives, etc.. Ethers, 
Vegetable Acitifl, Starch, Sugars, etc. 3d Edition. S4.50 
Vol. II, Part I. Fixed Oils and Fats, Glycerol, Explosives, 
etc. 3d Edition. $3.50 

Vol. II, Part II. Hydrocarbons, Mineral Oils, Lubricants, 
Bensenes, Naphthalenes and Derivatives, Creosote, Phenols, 
etc. 3d Edition. $3.50 

Vol. II, Part III. Torpenes, Essential Oils, Resins, Camphors, 
etc. 3d Edition. Preparing. 

Vol. Ill, Part I. Tannins, Dyes, and Coloring Matters. 3d 
Edition, Enlarged and Rewritten. Illustrated. $4.50 

Vol. III. Part II. The Amines. Hydrasines and Derivatives, 
Pyridine Bases. The Antip>retics, etc. Vegetable Alka- 
loids, Tea, Coffee, Cocoa, etc. 8vo. 2d Edition. $4.50 
Vol. Ill, Part III. Vegetable Alkaloids. Non-Basic Vegetable 
Bitter Principles. Animal Bases, Animal Acids, Cyanogen 
Compounds, etc. 2d Edition, 8vo. $4.50 

Vol. IV. The Proteids and Albuminous Principles. 2d 
Edition. $4.60 

BAILEY AND CADY. Qualitative Chemical Analysis. $1 25 

BARTLEY. Medical and Pharmaceutical Chemistry. A Text- 
Book for Medical, Dental, and Pharmaceutical Students. With 
Illustrations, Glossary, and Complete Index. 5th Erl. $3.00 

BARTLEY. Clinical Chemistry. The Examination of Feces, 
Saliva, Gastric Juice. Milk, and Urine. $1.00 

BLOXAM. Chemistry* Inorganic and Organic. With Experi- 
ments. 9th Ed., Revisied. 281 Engravings. Preparing. 

BUNGE. Physiologic and Pathologic Chemistry. From the 
Fourth German Enlarged Edition. $3.00 

CALDWELL. ElemenU of Qualitative and Quantitative Chem- 
ical Analysis. 3d Edition, Revised. $1.00 

CAMERON. Oils and Varnishes. With Illustmtions. $2.25 
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CAMERON. Soap and Candlet. 64 IlliutrationB. $2.00 

CLOWES AND COLEMAN. QuantitatiTe Mudywia. 5th Edi- 
tion. 122 lUustrationfl. $3.50 

COBLBNTZ. Voltunetric Analgia. Illustrated. $1.25 

CONODON. Laboratory Instnictionfl in Chemistar. With 
Numerous Tables and 56 Illustrations. $1.00 

GARDNER. The Brewer, DlitiUer, and Wine Mannfactorer. 
Illustrated. $1.50 

GRAY. PhyaicB. Volume I. Dsmamics and Properties of 
Matter. 350 Illustrations. $4.50 

GROVES AND THORP. Chemical Technology. The Applica- 
tion of Chemistry to the Arts and Manufactures. 
Vol. I. Fuel and its Applications. 007 Illustrations and 4 
Plates. Goth, $5.00; i Mor.. $6.50 

Vol. IL Lighting. Illustrated. Qoth, $4.00; f Mor., $5.50 
Vol. III. Gas Lifting. Goth, $3.50; I Mor., $4.50 

Vol. IV. £3eetric Lighting. Photometry. 

aoth, $3.50; k Mor., $4.50 

HBUSLBR. The Chemistry of the Terpenes. $4.00 

HOLLAND. The Urine* the Gastric Contents* the Common 
Poisons, and the Milk. Memoranda. Chemical and Micro- 
scopical, for Laboratory Use. 6th Ed. Illustrated. $1.00 

LEFFMANN. Compend of Medical Chemistry, Inorganic and 
Organic. 4th Edition. Revised. .80; Interieaved. $1.00 

LEFFMANN. Analytis of Milk and Milk Ptoducts. 2d Edition, 
Enlarged. Illustrated. $1.25 

LEFFMANN. Water Analyiit. For Sanitary and Teohnio Pur- 
poses. Illustrated. 4th Edition. $1.25 

LEFFMANN. Structural Formnls. Including 180 Structural 
and Stereo-Chemical FormuUe. 12mo. Interleaved. $1.00 

LEFFMANN AND BEAM. Select Methods In Food Analysis. 
Illustrated. $2.50 

MUTER. Practical and AnaMcal Chamistrv. 2d American 
from the Eighth English Edition. Reviaed to meet the re- 
quirements of American Students. 56 Illustrations. $1.25 

OETTEL. Exercises in Electro-Chemistry. Illustrated. .75 

OETTEL. Electro-Chemical Ezperiments. Illustrated. .75 

RICHTER. Inorganic Chemistry. 5th American from 10th 
German Edition. Authorised tranidation by Edoab F. Smfth, 
M.A., PH.D. 89 Illustrations and a Colored Plate. $1.75 

RICHTER. Organic Chemistry. 3d American Edition, trans- 
lated from the 8th German by Edoar F. Sihtb. Illus. 2 vols. 
Vol. I. Aliphatic Series. 625 pages. $3.00 

Vol. II. Carbocydic Series. 671 pages. $3.00 

ROCKWOOD. Chemical Analysis for Students of Medicine, 
Dentistry, and Pharmacy. Illustrated. $1.50 

SMITH. Electro-Chemical Analysis. 3d Ed. 30 Illus. $1.50 

SMITH AND KELLER. Experiments. Arranged for Students 
in General Chemistry. 4th Edition. Illustrated. .60 

SUTTON. Voltunetric Analysis. A Systematic Handbook for 
the Quantitative Estimation of Chemical Subetanoes by 
MeasuTO, Applied to Liquids, Solids, and Gases. 8th Edition, 
Revised. 112 Illustrations. $5.00 

SYMONDS. Manual of Chemistry. 2d Fxlition. $2.00 

TRAUBB. Physico-chemical Methods. 97 Illustrations. $1.50 
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THRBSH. Wftter and Water Supplies. 3d Edition. $2.00 

ULZER AlfD FRASNKSL. Chemical Technical Analysis. 
Translated by Fleck. Illustrated. S1.25 

WOODY. Essentials of Chemistry and Urinalysis. 4th Edition. 
Illustrated. SI. 50 

*0* Special Caialoffus of Booka on Chtmiatry free upon appAioaUon. 

CHILDREN. 

HATFIELD. Compend of Diseases of Children. With a 
Colorad Plate. 3d Ed. Jtut Ready. .80; Interleaved, $1.00 

IRBLAITD. The Mental A£Fections of Children. Idiocy, Im- 
becility. Insanity, etc. 2d Edition. $4.00 

POWER. Surgical Diseases of Children and their Treatment 
by Modem Methods. Illustrated. $2.50 

STARR. The Digestive Organs in Childhood. The Diseases of 
the Digestive Organs in Infancy and Childhood. 3d Edition, 
Rewritten and Enlarged. Illustrated. $3.00 

STARR. Hygiene of the Nursery. Including the General Re|^- 
men and Feeding of Infants and Children, and the Domestic 
Management of the Ordinary Emergencies of Early Life. 
Massage, etc. 6th Edition. 25 Illustrations. $1.00 

SMITH. Wasting Diseases of Children. 6th Edition. $2.00 

TAYLOR AND WELLS. The Diseases of Children. 2d Edition, 
Revised and Enlarnd. Illustrated. 8vo. $4.50 

"It is well worthy the careful study of both student and prac- 
titioner, and can not fail to prove of great value to both. We 
do not hesitate to recommend it." — Boetcn Medical arid Surgical 
Journal. 

DIAGNOSIS. 

BROWN. Medical Diagnosis. A Manual of ainical Methods. 
4th Edition. 112 Illustrations. Qoth, $2.25 

DA COSTA. Clinical Hematology. A Practical Guide to Exam- 
ination of Blood, with Reference to Diagnonis. 6 Colored 
Plates. 48 other Illustrations. Cloth, $5.00; Sheep, $6.00 

DOUGLAS. Surgicsl Diseases of Abdomen* with Reference to 
Diagnosis. 20 Plates. In Preee, 

EMERY. Bacteriological Diagnosis. 2 Colored Plates and 82 
other Illustrations. $1.50 

MEMMINGER. Diagnosis by the Urine. 2d Ed. 24lllu8. $1.00 

PERSHING. Diagnosis of Nervous aqd Mental Diseases. 
Illustrated. $1.25 

STEELL. Physical Signs of Pulmonary Disease. $1.25 

TYSON. Handbook of Physical Dia^^nosis. For StudenU and 
Physicians. By the Professor of Clmical Medicine in the Uni- 
versity of Pennsylvania. lUus. 4th £ki., Improved and En- 
larged. With 2 Colored and 55 other Illustrations. $1.50 

DENTISTRY. 

Special Catalogue of Denial Booke eerU free upon apptication. 

BARRETT. Dental Surgery for General Practitioners and 
Students of Medicine and Dentistry. Extraction of Teeth, 
etc. 3d Edition. Illustrated. $1.00 
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BROOKELL. Anatomy and Histolofy of the Himuui Mouth 
mnd Teeth. Second Edition, Revised and Enlaned. 337 
handsome Illustrations. Cloth, S4.50: Leather, $5.60 

FILLEBROWH. OperatiTe Dentistry. lUuetrated. $2.25 

60R6AS. Dental Medicine. A Manual of Materia Medica and 
Therapeutics. 7th Edition. Cloth, $1.00: 8heep,$5.00 

GOROAS. Questions and Answers for the Dental Student. 
Embraeinc all the subjects in the Curriculum of the Dental 
Student. OcUvo. $6.00 

HARRIS. Principles and Practice of Dentistry. Including 
Anatomy, Physfology, Patholocy, Therapeutics, Dental Sur- 

Siry, and Mechanism. 13th Edition. Revised by F. J. S. 
OROAa. M .D., D.D.e. 1250 lUus. aoth, $6.00 ; Leather, $7.00 

HARRIS. Dictionary of Dentistry. Including Definitions of Such 
Words and Phrases of the Collateral Sdenoes as Pertain to the 
Art and Practice of Dentistry. 6th Edition. Revised and 
Enlarged by Ferdinand J. S. OoROAa, m.d.. D.D.a. 

aoth, $5.00; Leather, $6.00 

RICHARDSON. Mechanical Dentistry. 7th Edition. Thor- 
oughly Revised and Enlarged by Dr. Gbo. W. Warren. 601 
Illustrations. Qoth, $5.00; Leather, $6.00 

SMITH. Dental Metallurgy. 2d EdiUon. Illustrated. $2.00 

TAFT. Index of Dental Periodical Uterature. $2.00 

TOMES. Dental Anatomy. 263 Illustrations. 5th Ed. $4.00 

TOMES. Dental Surgery. 4th Edition. 289 Illus. $4.00 

WARREN. Compend of Dental Pathology and Dental Medicine. 
With a Chapter on Emeigenoies. 3d Edition. Illustrated. 

.80; Interieaved, $1.00 

WARREN. Dental Prostheds and Metallurgy. 129 lUus. $1.25 

WHITE. The Mouth and Teeth. Illustrated. .40 

DICTIONARIES. CYCLOPEDIAS. 

OOULD. The Illustrated Dictionary of Medicine, BicHofj, and 
Allied Sciences. Being an Exhaustive Lexicon of Medicine and 
those Sciences Collateral to it: Biology (Zoology and Botany), 
Chemistry, Dentistry, Pharmacology. Microscopy, etc., with 
many useful Tables and numerous fine Illustrations. 1633 
pages. Fifth Edition. 

Sheep or Half Morocco. $10.00; with Thumb Index, $11.00 

Half Russia, Thumb Index, $12.00 

GOULD. The Medical Student's Dictionary, izth Edition. Il- 
lustrated. Including all the Words and Phrases generally used 
in Medicine, with their Proper Pronunciation and Definition, 
Baaed on Recent Medical Literature. With Table of Epo> 
nymic Terms and Tests and Tables of the Bacilli, Micrococci, 
Mineral Sprinn^), etc., of the Arteries, Muscles, Nerves, Granglia, 
Plexuses, etc. Eleventh Edition.^Enlarged fmd illustrated 
with a larfce number of Engravings. 840 pages. i^ •» 

Half Morocco. $2.50; with Thumb Index, $3.00 
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GOULD. The Pocket Pronouncing Medical Lexicon. 4th Edi- 
tion. (30.000 Medical Words Pronounced and Defined.) Con- 
taining all the Words, their Definition and Pronunciation, 
that the Medical, Dental, or Pharmaceutical Student Gener- 
ally Cornea in Contact with; also Elaborate Tablea of Epo- 
nymio Terms, Arteries, Musclefi, Nerves, Bacilli, etc., etc., a 
Dose List in both English and Metric Systems, etc., Arranjsed 
in a Most Convenient Form for Reference and Memorising. 
Fourth Edition* Revised and Enlarged. 838 iMges. 
Full Limp Leather, Gilt Edges. SI .00; Thumb Index, $1.25 
i45«ooo Copies of Gould's Dictionaries have' been sold. 

GOULD AlfD PTLB. Cvclopedia of Practical Medicine and 
Surgery. Seventy-two Special Contributors. Illustrated. One 
Volume. A Concise Reference Handboolc of Medicine, Sur- 
gery, Obstetrics, Materia Medica, Therapeutics, and the Vari- 
ous Specialties, with Particular Reference to Diagnosis and 
Treatment. Compiled under the Editorial Supervision of 
Gkorqk M. Ooulu, M.D., Author of "An Illustrated Dictionary 
of Medicine," etc.; and Waltkb L. Pti.b. m.d., Assistant 
Surgeon Wills Eye Hospital: formerly Editor "International 
Mecucal Magasine," etc., ana Seventy-two Special Contribu- 
tors. With many Illustrations. Lax|i;e Square 8vo, to corre- 
spond with Gould's ' ' Illustrated Dictionary." 
Full Sheep or Half Mor.. SI 0.00; with Thumb Index, $11.00 

Half Russia, Thumb Index, $12.00 net. 
GOULD AND PYLE. Pocket Cyclopedia of Medicine and Sur- 
gery. Based upon above book and uniform in sise with 
^'Gould's Pocket Dictionary." 

Full Limp Leather, Gilt Edges, $1.00 

With Thumb Index, $1.25 

HARRIS. Dictionary of Dentistiy. Including Definitions of 

Such Words and Phrases of the Collateral Sciences as Pertain 

to the Art and Practice of Dentistry. 6th Edition, Revised 

and Enlarged by Fkrdinakd J. S. Goroab, m.d., D.D.a. 

aoth. $5.00; Leather. $6.00 
LONGLBY. Pocket Medical Dicttonary. aoth. .75 

MAXWELL. Terminologia Medica Polyglotta. By Dr. T&eo- 
DORB Maxwell, Assisted by Others. $3.00 

The object of this work is to assist the medical men of any 
nationality in reading medical literature written in a language not 
their own. Each term is usually given in seven languages, vis. : 
English. French, German, Italian, Spanish, Russian, and Latin. 
TREVES AlfD LANG. German-English Medical Dictionary. 

Half Calf. $3.25 

DIET AND FOOD. 

ALLEN. Proteids and Albuminous Principles. An analytiral 
Study of Food Products. 2d Edition. $4.50 

BURNETT. Foods and Dietaries. A Manual of Clinical Diet- 
etics, with Diet Lists for Various Diseases, etc. 2d Ed. $1.50 

DAVIS. Dietotherapy. Food in Health and Disease. With 
Tables of Dietaries, Relative Value of Foods, etc. See Cohen^ 
Phv*ioloff%e Therapeuiica, page 17. 

GREENISH. Microscopical Examination of Foods and Drugs. 

Illustrated.. In Prnt. 

HAIG. Diet and Food. Considered in Relation to Strength and 

Power of Endurance. 4th Edition. $1.00 

LEFFMANN. Select Methods in Food Analysis. lUus. $2.50 
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EAR (see also Throat and Nose). 

BURNETT. Hearing and How to Keep It. Illustrated. .40 

HOVELL. Diseases of the Ear and Naso-Pharynz. IncludinK 
Anatomy and Physiolo^ of the Organ, together with the 
Treatment of the Affeotions of the Nose and Pharynx which 
Conduce to Aural Disease. 128 Illustrations. 2d Ed. $5.50 

PRITCHARD. Diseases of the Ear. 4th Edition. Enlarged. 
Many Illustrations and Formuks. In PresB, 

ELECTRICITY. 

BIOELOW. Plain Talks on Medical Electricity and Batteries. 
With a Therapeutic Index and a Glossary. 43 Illustrations. 
2d Edition. $1.00 

HEDLEY. Therapeutic Electricity and Practical Muscle Testing. 
90 Illustrations. $2.50 

JACOBT. Electrotherajiy. 2 volumes. Illustrated, ^ee Cohen, 
Phj/aitUogie TherapetUiea, page 17. 

JOIVES. Medical Electricity. 3d Edition. 117 lUus. $3.00 

EYE. 

A Special Circular of Booke on tKe Eye eent free upon application. 

DONDERS. The Nature and Consequences of Anomalies of 
Refraction. With Portrait and lUus. Half Morocco, $1.25 

PICK. Diseases of the Eye and Ophthalmoscopy. Translated 
by A. B. Hale, m.d. 157 Illustrations, many of which are in 
colors, and a Glossary. Cloth, $4.50 ; Sheep, $5.50 

GOULD AND PYLE. Compend of Diseases of the Eye and Re- 
fraction. Including Treatment and Operations, and a Section 
on Local Therapeutics. With Formulse, Useful Tables, a 
Glossary, and 111 lUus., several of which are in colors. 2d 
Edition. Revised. Cloth, .80; Interleaved. $1.00 

GRBEFF. The llicroacopic Examination of the Eye. Illus- 
trated. $1.25 

HARLAN. Eyesight, and How to Care for It lUus. .40 

HARTRIDGE. On the Ophthahnoscope. 4th Edition. With 
4 Colored Plates and 68 Wood-cuts. $1 .50 

HARTRIDGE. Refraction. 104 Illustrations and Test Types, 
nth Edition, Enlarged. $1.50 

HANSELL AND SWEET. Treatise on Diseases of the Eye. 
With many lUus. drawn by special artists, etc. In Pre—. 

HANSELL AND REBER. Muscular Anomalies of the Eye. 
Illustrated. $1.50 

HANSELL AND BELL. Clinical OphthaUnology. Colored 
Plate of Normal Fundus and 120 Illustrations. $1.50 

JENNINGS. Manual of Ophthalmoscopy. 95 Illustrations and 
1 Colored Plate. $1.50 

MORTON. Refraction of the Eye. Its Diagnosis and the Cor- 
rection of its Errors. 6th Edition. $1.00 

OHLEMANN. Ocular Therapeutics. Authorized Translation, 
and Edited by Dr. Charles A. Olxykr. $1.75 

PARSONS. Elementary Ophthalmic Optics. With Diagram- 
nwtic Illustrations. $2.00 
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PHILLIPS. Spectacles and Eyeglatses. Their Prescription 
and Adjustment. 3d FJdition. 52 Illustrations. il.OO 

SWAHZY. IMaeases of the Eye and Their Treatment. 7th 
Edition, Revised and EnUuved. 164 Illustrations, 1 Plain 
Plate, and a Zephyr Test Card. $2.50 

From The Medical Nevre, 

"Swansy has succeeded in producing the most intellectually 
conceived and thoroughly executed rfeum^ of the science within 
the limits he has assigned himself. As a 'student's hsjidbook,' 
small in aise and of moderate price, it can hardly be equaled." 

TpORniGTON. Retinoscopy. 4th Edition, Carefully Revised. 
Illustrated. SI .00 

THORINGTON. Refraction and How to Refract. 200 Illustra- 
tions, 13 of which are colored. 2d Eklition. $1.50 

WALKER. Student's Aid in Ophthahnology. Colored Plate 
and 40 other Illustrations and a Glossary. $1.50 

WRIGHT. Ophthahnolocy. 2d Edition, Revised and Enlarged. 
1 17 Illustrations and a Glossary. $3.00 

FEVERS. 

GOODALL AND WASHBOURIT. Fevers and Their Treatment. 
Illustrated. $3.00 

GYNECOLOGY. 

BISHOP. Uterine Fibromvomata. Their Pathology, Diag- 
nosis, and Treatment. Illustrated. Cloth, $3.50 

BYFORD (H. T.). Manual of Gynecology. 3d Edition, Revised 
and Enlarged. 363 Illustrations. $3.00; Sheep, $3.60 

DUHRSSEN. A Manual of Gynecological Practice. 105 Illus- 
trations. $1.50 

FULLERTON. Surgical Nursing. 3d Edition, Revised and 
Enlarged. 60 Illustrations. $1.00 

LEWERS. Diseases of Women. 146 lUus. 5th Ed. $2.50 

LEWERS. Cancer of the Uterus. Juet Ready. $3.00 

MONTGOMERY. Practical Gynecologv. A Complete Sys- 
tematic Text-Book. 527 lUus. Cloth, $5.00; Leather, $6.00 

ROBERTS. Gynecological Pathology. With 127 Full-page 
Plates containing 151 Figures. $6.00 

WELLS. Compend of Gynecology. Illustrated. 3d Edition, 
Revised and Enlarged. .80; Interleaved, $1.00 

HEART. 

THORNE. The Schott Methods of the Treatment of Chronic 
Heart Disease. Fourth Edition. Illustrated. $2.00 

HISTOLOGY. 

GUSHING. Compend of Histology. By H. H. CueHiNo. m.d.. 
Demonstrator of Histoloey, Jefferson Medical College, Phila- 
delphia. IIlus. Nearly Ready. .80; Interleaved, $1.00 

LAZARUS-BARLOW. Pathological Anatomy and • Histology. 
Illustrated. $6.50 
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TAVERA. MedicioAl Plants of the PhUipi>inet. $2.00 

WHITE AND WILCOX. Materia Medica, Pharmacy, Pharma- 
cologYt and Therapeutics. 5th American Edition, Revised by 
Reynold W. Wilcox, m.a., m.d., ll.d.. Professor of Clinical 
Medicine and Therapeutics at the New York Po8t-<iraduate 
Medical School. Goth, $3.00 ; Leather. $3.50 

"The care with which Dr. Wilcox ha^ performed his work is 
conspicuous on every page, and it is evident that no recent drug 
possessing any merit has escaped his eye. We believe, on the 
whole, this is the best book on Materia Mediea and Therapeutics 
to place in the hands of students, and the practitioner will find it 
a most satisfactory work for daily use." — The Cleveland Medieal 
Gazette. 

MEDICAL JURISPRUDENCE AND 
TOXICOLOGY. 

REESE. Medical Jurisprudence and Toxicology. A T«xt-Book 
for Medical and L^rail Practitioners and Students. 6th 
Edition. Revised by Hbnrt Leffmann. m.d. 

Cloth, $3.00; Leather, $3.50 
"To the student of medical jurisprudence and toxicology it is 

invaluable, as it is concise, dear, and thorough in every respect." 

— The American Journal of the Medieal Sciencee. 

MANN. Forensic Medicine and Toxicology. Illus. $6.50 

TANNER. Memoranda of Poisons. Their Antidotes and Tests, 
9th Edition, by Da. Hsnrt LurrMANN. Juet Ready. .75 

MICROSCOPY. 

CARPENTER. The Microscope and Its Revelations. 8th 
Exiition, Revised and Enlarged. 817 Illustrations and 23 
Plates. Cloth, $8.00; Half Morocco, $9.00 

GREENISH. Microscopical Examination of Foods and Drugs. 
Illustrated. In Preea. 

LEE. The Microtomist's Vade Mecum. A Handbook of 
Methods of Microscopical Anatomy. 887 Articles. 5th 
Edition, Enlarged. $4.00 

OERTEL. Medical Microscopy. A Guide to Diagnosis, Ele- 
mentary Laboratory Methods and Microscopic Technic. 131 
Illustrations. Juet Ready. $2.00 

REEVES. Medical Microscopy* including Chapters on Bacteri- 
ology, Neoplasms, Urinary Examination, etc. Numerous 
Illustrations, some of which are printed in colors. $2.50 

WETHERED. Medical Microscopy. A Guide to the Use of the 
Microscope in Practical Medicine. 100 Illustrations. $2.00 

MISCELLANEOUS. 

BERRY. Diseases of Thyroid Gland. Illustrated. $4.00 

BUXTON. Anesthetics. Illustrated. 3d Edition. $1.50 

COHEN. Organotherapy. Su Cohen^ Phytialogic TherapeiUieet 
page 17. 

FRBNKEL. Tabetic Ataxia. Illustrated. $3.00 

OOULD. Borderland Studies. Miscellaneous Addresses and 
Essays. 12mo. $2.00 
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GOULD. Biographic Clinics. The Origin of the Ill-Health of 
DeQuincy, Canyle, Darwin, Huxley, and Browning. Just 
Ready. tl.OO 

GREENE. Medical Examination for Life Insurance. Iltue. 
With colored and other Engravings. 2d Edition. In Press. 

RAIO. Causation of Disease by Uric Acid. The Pathology of 
High Arterial Tension, Headache, Epilepsy, Gout, Rheuma* 
tism, Diabetes, Bright's Disease, etc. 5th Edition. $3.00 

HENRY. A Practical Treatise on Anemia. Half Cloth, .50 

NEW SYDENHAM SOaETY'S PUBLICATIONS. Cmsulara 
upon application. Per Annum, $8.00 

OSGOOD. The Winter and Its Dangers. .40 

PACKARD. Sea Air and Sea Bathing. .40 

RICHARDSON. Long Life and How to Reach It. .40 

SCHEUBE. Diseases of Warm Coontries. Illustrated. Just 
Ready, $8.00 

TISSIER. Pneomatotherapy. See Cohen, Phynoiogie Thera- 
peuiies, paoe'l7. 

TURNBULL. Artificial AncsthesU. 4th Ed. lUus. $2.50 

WEBER AND HINSDALE. ClimatoloffT and Health Resorts. 
Including Mineral Spring. 2 vols. lUustrated with Colored 
Maps. See Coken, Phystoloffic Therapeutics^ page 17. 

WILSON. The Summer and Its Diseases. .40 

WINTERNITZ. Hydrotherapy. Thermotherapyf Phototherapy, 
Mineral Waters* Baths, etc. Illustrated. See Cohen, Physio- 
logic Therapeutics, page 17. 

NERVOUS DISEASES. 

DERCUM. Rest. Suggestion. Mental Therapeutics. See Cohen, 
PKyeiologic Therapeutics, page 17. 

GORDINIER. The Gross and Minute Anatomy of the Central 
Nervous System. With 271 ori^nal colored and other Illus- 
trations. Cloth, $6.00: Sheep, $7.00 

GOWERS. Syphilis and the Nervous System. $1.00 

GOWERS. Manual of Diseases of the Nervous System. A 
Complete Text-Book. Revised. Enlarged, and in many paria 
Rewritten. With many new Illustrations. Two volumes. 
Vol. I. Diseases of the Nerves and Spinal Cord. 3d Edition, 
Enlarged. Cloth, $4.00; Sheep, $5.00 

Vol. II. Diseases of the Brain and Cranial Nerves ; General and 
Functional Disease. 2d Ed. Cloth. $4.00; Sheep, $5.00 

GOWERS. Epilepsy and Other Chronic Convulsive Diseases. 
2d Edition. $3.00 

HORSLEY. The Brain and Spinal Cord, the Structure and 
Functions of. Numerous Illustrations. $2.50 

ORMEROD. Diseases of the Nervous System. 66 Wood En- 
gravings. $1.00 

PERSHING. Diagnosis of Nervous and Mental Diseases. Illus- 
trated. $1.25 

PRESTON. Hysteria and Certain Allied Conditions. Their 
Nature and Treatment. Illustrated. $2.00 

WOOD. Brain Work and Overwork. .40 
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SCOVILLB. The Art of Compoondinc. Second Edition. Re- 
vised and Enlarged. Cloth, $2.50 

STEWART. Compend of Pharmacy. Based upon "Reming- 
ton's Text-Book of Pharmacy." 5th Edition, Revised m 
Accordance with the U. S. Pharmacopceia, 1890. Complete 
Tables of Metric and English Weights and Measures. 

.80: Interleaved, $1.00 

TAVERA. Medichial Plants of the PhiUppines. $2.00 

UHITED STATES PHARMACOPCEIA. 7th Decennial Revision, 
aoth. $2.50 (postpaid, $2.77); Sheep. $3.00 (poetpaid. $3.27); 
Interleaved, $4.00 (postpaid, $4.50); Printed on one side of 
page only, unbound, $3.50 (postpaid, $3.90). 

Select Tables from the U. S. P. Being N ine of the Most Impor- 
tant and Useful Tables* Printed on Separate Sheets. .25 

POTTER. Handbook of Materia Medica* Pharmacyt and Thera- 
peutics. 6(X) Prescriptions. 9th Edition. 

aoth, $5.00; Sheep, $6.00 

PHYSIOLOGY. 

BIRCH. Practical Physiology. An Elementary Class Book. 
62 Illustrations. $1.75 

BRUBAKER. Comoend of Physiology. 11th Edition. Revised 
and Enlarged. lUus. Juat Ready. .80; Interleaved, $1.00 

JORES. Outlines of Physiology. 96 Illustrations. $1.50 

KIRKES. Handbook of Physiology. 17th Authorised Edition. 
Revised, Rearranged, and Enlai^ed. By Prof. W. D. Hauj- 
BURTON, of Kings College, London. 681 Illustrations, some of 
which are in colors. Qoth, $3.00 ; Leather, $3.75 

LAHDOIS. A Text-Book of Human PhysiologT. Including 
Histology and Microscopical Anatomv. with Special Reference 
to the Requirements of Practical Medicine. 5th American, 
translated from the last German Edition, with Additions by 
Wm. Stxrukg. M.D.. D.Bo. 845 lUus., many of which are 
printed in colors. In Prtu. 

STARLIIIG. Elements of Human Physiology. 100 Illus. $1.00 

STIRLUTG. Outlines of Practical Physiology. Including Chem- 
ical and Experimental Physiology, with Special Reference to 
Practical Medicine. 3d Edition. 289 Illustrations. $2.00 

TYSON. CeU Doctrine. Its History and Present State. $1.50 

PRACTICE. 

BBALE. On Slight Ailments : their Hature and Treatment. 2d 
Edition, Enlarged and Illustrated. $1.25 

COHEN. Physiologic Therapeutics. The Treatment of Disease 
by Methods other than Dnig^iving. See page 17. 

FAG6E. Practice of Medicine. 4th Edition, by P. H. Pte- 
Smith, m.d. 2 volumes. Vol. I, $6.00; Vol. II, $6.00 

FOWLER. Dictionarv of Practical Medicine. By various 
writers. An Encyclopiedia of Medicine. 

aoth, $3.00; Half Morocco, $4.00 
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GOULD AHD PYLE. Cyclopedia of Prsctiaa Medicine and 
Surgery. A Concise Reference Handbook, with particular 
Reference to Diasnosis and Treatment. Edited by Drb. 
Gould and Ptlb, Assisted by 72 Special Contributom. Illus- 
trated, one volume. Large Square Octavo, Uniform with 
"Gould's Illustrated Dictionary/' 

Sheep or Half Mor., $10.00; with Thumb Index. $11.00 

Half Russia, Thumb Index, $12.00 
49* Complete deaeriptive circular free upon applicalion. 

GOULD AND PYLE'S Pocket Cyclopedia of Medicine and Sur- 
gery. Based upon the above and Uniform with "Gould's 
Pocket Dictionary." Full Limp Leather, Gilt Edges, Round 
Comers, $1.00; with Thumb Index, $1.26. 

HUGHES. Compend of the Practice of Medicine. 6th Edition, 

Revised and Enlarged. 

Part I. Continued, Eruptive, and Periodical Fevers, Diseases 
of the Stomach, Intestines, Peritoneum, Biliary Passages, 
Liver, Kidneys, etc.. and General Diseases, etc. 

Part II. Diseases of the Respiratory System, Circulatory 
System, and Nervous System; Diseases of the Blood, etc. 

Price of each part. .80; Interleaved, $1.00 

Physician's Edition. In one volume, including the above two 
parts, a Section on Skin Diseases, and an Index. 6th Re- 
vised Edition. 625 pp. Full Morocco, Gilt Edge, $2.25 

TAYLOR. Practice of Medicine. 6th Edition. $4.00 

TYSON. The Practice of Medicine. By Jamks Tyson, m.d.. 
Professor of Medicine in the University of Pennsylvania. A 
Complete Systematic Text-book, with Special Reference to 
Diagnosis and Treatment. 2d Edition, Enlarged and Revised. 
Colored Plates and 126 other Illustrations. 1222 pages. 

Cloth, $6.50; Leather, $6.60 

STOMACH. INTESTINES. 

FENWICK. Cancer of the Stomach. Just Ready. $3.00 

HEMMETER. Diseases of the Stomach. Their Special Pathol- 
ogy, Diagnosis, and Treatment. With Sections on Anatomy, 
Analysis of Stomach Contents, Dietetics, Surgery of the Stom- 
ach, etc. 3d Edition. Revised. With 15 Plates and 41 other 
Illustrations, a number of which are in colors. 

Cloth, $6.00; Sheep. $7.00 
HEMMETER. Diseases of the Intestines. Their Special Path- 
ology, Diagnosis, and Treatment. With Sections on Anatomy 
ana Physiology, Microscopic and Chemio Examination of In- 
testinal Contents, Secretions, Feces and Urine, Intestinal 
Bacteria and Parasites, Surgenr of the Intestines, Dietetics, 
Diseases of the Rectum, etc. With Full-page Colored Plates 
and many other Original Illustrations. 2 volumes. Octavo. 
Price of each volume, Cloth, $6.00; Sheep, $6.00 

SKIN. 

BULKLEY. The Skin in Health and Disease. Illustrated. .40 
CROCKER. Diseases of the Skin. Their Description, Pathol- 
ogy, Diagnosis, and Treatment, with Special Reference to the 
Skin Eruptions of Children. 3d Edition, Thoroughly Revised. 
With New lUus. Just Ready. Cloth. $5.00; Sheep. $6.00 

MacLEOD. The Pathology of the Skin. Colored and other 
Illustrations. Juat Ready. $5.00 
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SCHAMBBRO. Diseuet of the Skin. 3d Edition, Reviaed and 
EnUrgad. 106 Illuatnttions. Being No. 16 T Quis-CompendT 
Series. aoth, .80; Interieaved, $1.00 

VAH HARLIlfOBN. On Skin DlMMet. A PrBCtical Manual 
of Diagnoeia and Treatment, with Special Reference to Differ- 
ential Diasnoflis. 3d Edition, Revised and Enlaiged. With 
Formulae and 60 Illustrations, some of which are printed in 
colon. S2.75 

SURGERY AND SURGICAL DISEASES 
(see also Urinary Organs). 

BERRT. DiseaiM of the Thyroid Gland. Illustrated. $4.00 

BUTLHI. Operative Surcery of Malignant Disease. 2d Edi- 
tion. Illustrated. Octavo. $4.50 

CASPER AND RICHTER. Functional Kidney Diagnosis. $1.50 

DAVIS. Bandaging. Its Principles and Practice. 163 Original 
Illustrations. $1.50 

DBAVBR. Surgical Anatomy. A Treatise on Human Anatomy 
in its Application to Medicine and Sumry. With about 500 
very handsome full-page Illustrations Enpaved from Original 
Drawings made by special Artists from I>issections prepared 
for the purt>ooe. Tnree volumes. Royal Square Octavo. 
By Sub^eripiion only. Now Ready. 

Half Morocco or Sheep, $24.00: Half Russia, $27.00 

DEAVBR. Appendicitis: its Symptoms, Diagnosis. Pathology. 
Treatment, and Complications. Elaborately Illustrated with 
Colored Plates and other Illus. Sd Edition. Preparing. 

DOUGLAS. Surgical Diseases of the Abdomen. Illustrated 
by 20 Full-page Plates. In Preee. 

DULLES. What to do First in Accidents and Poisoning. 5th 
Edition. New Illustrations. $1.00 

FULLERTON. Surgical Nursing. 3d Ed. 60 Illus. $1.00 

HAMILTON. Lectures on Tumors. 3d Edition. $1.25 

HEATH. Minor Surgery and Bandaging. 12th Edition, Re- 
vised and Enlaiged. 195 Illus., Formuls, Diet List, etc. $1.50 

HEATH. Clinical Lectures on Surgical Subjects. Second Series. 

$2.00 

HORWITZ. Compend of Surgery and Bandaging. Including 
Minor Surgery, Amputations, Fractures, Dislocations, SuigiciJ 
Diseases, etc., with Differential Diagnosis and Treatment. 5th 
Edition, very much Enlarged and Rearranged. 167 Illus., 98 
Formuhe. Cloth, .80; Interleaved, $1.00 

JACOBSON. Operations of Surgery. 4th Ed., Enlarged. 550 
Illus. Two volumes. Cloth. $10.00; Leather, $12.00 

KBAY. Medical Treatment of Gall-Stones. $1.25 

KEHR. Gall-stone Disease. Translated by William Wotktnb 
Sbtmour, m.d. $2.50 

MAKINS. Surgical Experiences in South Africa. 1809-1000. 
Illustrated. $4.00 

MAYLARD. Surgery of the Alimentary Canal. 07 Illustrations. 
2d Edition, Revised. $3.00 
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MOUIXIN. Text-Book of Sunnry. With Special Reference to 
Treatment. 3d American Edition. Revised and edited by 
John B. Hamilton, m.d., ll.d., Profeaaorof the Prinoiplea of 
Surgery and Clinical Surgery, Rueh Medical College. Chicago. 
623 Illustrations, many of wnioh are printed in colors. 

aoth. 96.00; Leather, 97.00 

SMITH. Abdominal Surgery. Being a Svstematic Description 
of all the Principal Operations. 224 Illustrations. 6th Edi- 
tion. 2 volumes. Cloth, 910.00 

VOSWIHKEL. Surgical Nursing. Second Edition, Revised and 
Enlarged. HI Illustrations. 91.00 

WALSHAM. Manual of Practical Surgery. 7th Ed.. Revised 
and Enlarged. 483 Engravings. 050 pages. 93.50 

TEMPERATURE CHARTS, ETC. 

GRIFFITH. Graphic Clinical Chart for Recording Teinpera- 
ture, Rmiration* Pulse* Day of Disease* Date, Aget Sez» Occu- 
nation* Name* etc. Printed in three colors. Sample copies 
free. Put up in loose packages of fifty, 50 eta. Price to 
Hospitals, 500 copies, 94.00; 1000 copies, 97.50. 

KEBirS Clinical Charts. Seven Outline Drawings of the Body, 
on which may be marked the Course of Disease, Fractures, 
Operations, etc. Each Drawing may be had separately, 
twenty-five to pad, 25 cents. 

SCHREIIIER. Diet Lists. Arranged in the form of a chart. 
With Pamphlets of Specimen Dietaries. Pads of 50. .75 

THROAT AND NOSE (see also Ear). 

COHEN. The Throat and Voice. Illustrated. .40 

HALL. Diseases of the Nose and Throat. 2d Edition. Enlarged. 
Two Colored Plates and 80 Illustrations. 92.75 

HOLLOPETER. Hay Fever. Its Successful Treatment. 91.00 

KNIGHT. Diseases of the Throat. A Manual for Students. 
Illustrated. Neariy R$adv. 

KYLE (J. J.). Diseases of the Ear, Nose, and Throat. A Com- 
pend for Students. Illustrated. .80; Interleaved, 91.00 

McBRIDB. Diseases of the Throat. Nose, and Bar. With Col- 
ored IlIuAtrations from Original Drawings. 3d Ed. 97.00 

POTTER. Speech and its Defects. Considered Physiologically, 
Pathologically, and RemediaUy. 91.00 

URINE AND TTRINARY ORGANS. 

ACTON. The Functions and Disorders of the Reproductive 
Organs in Childhood* Youth* Adult Age* and Advanced Life* 
Considered in their Physiological, Social, and Moral Relations. 
8th Edition. 91.75 

CASPER AND RICHTER. Functional Kidney Diagnosis. 91. 50 

HOLLAND. The Urine* the Gastric Contents* the Common 
Poisons* and the IGlk. Memoranda, Chemical and Micro- 
scopical, for Laboratory Use. Illustrated and Interieaved. 
6th Edition. 91.00 

KLEEN. Diabetes and Glycosuria. 92.50 
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MEMMINGER. DUgnotis by the Urine. 2d Edition. 24 lUus- 
trations. SI .00 

MORRIS. Renal Surgery, with Special Reference to Stone in the 
Kidney and Ureter and to the Surgical Treatment of Galctdous 
Anuria. lUuetrated. $2.00 

MOULLIIT. Enlargement of the Proetate. lU Treatment and 
Radical Cure. 2d Edition. Illustrated. $1.75 

MOULLIN. Inflammation of the Bladder and Urinary Fever. 
Ootavo. $1.50 

SCOTT. The Urine. Its Clinical and Microscopical Examina- 
tion. 41 Lithographic Plates and other Illustrations. Quarto. 

aoth. $5.00 

TYSON. Guide to Examination of the Urine. For the Use of 
Physicians and Students. With Colored Plate and Numerous 
Illustrations engraved on wood. 10th Edition, Revised, En- 
larged, and partly Rewritten. With New Illustrations. Jtut 
Ready, $1.^ 

VAirmnrS. chemical Analytls of Urlne. 39 lUus. $1.00 

VENEREAL DISEASES. 

COWERS. Syphilis and the NerYOQi Syatem. $1.00 

STUROIS AND CABOT. Student's Manual of Venereal Diseases. 
7th Revised and Enlarged Edition. 12mo. $1.25 

VETERINARY. 

BALLOU. Veterinary Anatomy and Physiology. 29 Graphic 
Illustrations. .80; Interleaved, $1.00 



JACOBSOH. The Operations of Surgery. By 
W, H. A. Jacobson, F.R.C.8., Surgeon to 
Ouy'fl Hospital ; Consulting Surgeon Royal 
Hospital for Children and Women ; and F. 
J. Steward, f.r.c.8., Assistant Surgeon 
Ouy's Hospital. Fourth Edition — Revised, 
Enlarged, and Improved. 650 Illustrations. 
Two Volumes, Octavo, 1524 pages. 

Cloth, 110.00; Sheep, 112.00 

*' The important anatomical points are dearly set forth, the 
conditions indicating or contraindioating operative interference 
are given, the details of the operations themselves are brought 
forward prominently, and frequently the after-treatment is 
considered. Herein is one of the strong points of the book." — 
New York Medical Journal. 



"We know of no aeriea of books issued by any house that so 
fullv meets our approval as these T Quis-CompendsT. They are 
well arranged, full and concise, and are really the best line of 
text-books that could be found for either student or practitioner/' 
— SotUhem Clinic. 

BLAKISTON'S ?0UIZ-COMPENDS? 

The Best Series of Manuals for the Use of Students. 

Price of each. Cloth, .80. InterleaTed* for taklnc Notes* $1.00 

These Compends are based on the most popular text-books 
and the lectures of prominent professors, and are kept constantly 
reTtsedt so that they laay thoroughly represent the present state 
of the subjects upon which they treat. The authors have had 
lartte experience as Quis-M asters and attaches of colleges, and are 
wen acquainted with the wants of students. The^ are arrsjige<l 
in the most approved form, thorough and concise, containing 
nearly zooo illustrations and lithograph plates, inserted wherever 
they could be used to advantage. Can be used by students of 
any college. They contain information nowhere else collected in 
such a condensed, practical shape. 

5o. I. POTTER. HUMAN ANATOMY. Sixth Edition. 117 
Illustrations and 16 Plates of Nerves and Arteries. 

No. a. HUGHES. PRACTICE OF MEDICINE. Part I. Sixth 
Edition, Enlarged and Improved. 

No. 3. HUGHES. PRACTICE OF MEDICINE. Part II. Sixth 

Edition, Revised and Improved. 

No. 4. BRUBAKER. PHYSIOLOGY. Eleventh Edition. lUus. 

No. 5. LANDIS. OBSTETRICS. Seventh I>klition. 52 Illus. 

No. 6. POTTER. MATERIA MEDICA, THERAPEUTICS, AND 
PRESCRIPTION WRITING. Sixth Revised Edition. 

No. 7. WELLS. GYNECOLOGY. Third Edition. 140 Illus. 

No. 8. GOULD AND PYLE. DISEASES OF THE EYE. Second 
Edition. Refraction, Treatment, Surgery, etc. 109 lUus. 

No. 9* HORWITZ. SURGERY. Including Minor Surgery, 
Bandaging, Surgical Diseases. Differential Diagnosis and 
Treatment. Fifth Edition. With 98 Formube and 71 Illus- 
trations. 

No. zo. LEFFMANN. MEDICAL CHEMISTRY. Fourth Edi- 
tion. IncludingUrinalysis, Animal Chemistry, Chemistry 
of Milk, Blood, Tissues, the Secretions, etc. 

No. zx. STEWART. PHARMACY. Fifth Edition. Based upon 
Prof. Remington's Text-Book of Pharmacy. 

No. za. BALLOU. VETERINARY ANATOMY AND PHYSI- 
OLOGY. 29 graphic Illustrations. 

No. Z3. WARREN. DENTAL PATHOLOGY AND DENTAL 
MEDICINE. Third Edition, Illustrated. 

No. Z4. HATFIELD. DISEASES OF CHILDREN. 3d Edition. 

No. Z5. THAYER. GENERAL PATHOLOGY. 78 Illus. 

No. z6. SCHAMBERO. DISEASES OF THE SKIN. Third 
Edition, Revised and Enlarged. 106 Illustrations. 

No. 17. CUSHING. HISTOLOGY. Illustrated. In Pre$$. 

No. 18. THAYER. SPECIAL PATHOLOGY. 34 lUustrations. 

No. zo. KYLE. DISEASES OF THE EAR, NOSE, AND 
THROAT. Illustrated. In Pre$9, 
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DA COSTA 



Clinical Hematology 



A Prmctical Guide to the Examination of the Blood by 
Clinical Methods. With Reference to the Diagnosii of 
Disease. With Colored Illustrations. Qoth, I5.00 

\* A new, thorough, systematic, and comprehensire 
work, iti purpose toeing, first, to show how to examine thp 
blood, and second, how to diagnose from such examination 
diseases of the blood itself and general diseases. The 
author's aim has been to corer not alone the field of original 
research, but to supply a boolc for the student, the hospital 
physician and the general practitioner. It will be found 
wanting in none of these respects. 

OERTEL 



Medical Microscopy 

JUST JIEADV 

A GUIDE TO DIAGNOSIS, ELEM EN> 
TARY LABORATORY METHODS, 
AND MICROSCOPIC TECHNIC 

By T. E. Oertel, M.D., 

Profeaaor of Pathology and Clinical Microtcopy, Mfedical Depait- 

ment, Univervty of Georgia. 

WITH 131 ILLUSTRATIONS. lamo. Cloth, #2.00 
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The Pocket CyclopediaL of 
Medicine and Surgery 

Full Limp LeaOier, Round Corners, €llt Ed|es,$LOO 
With Thumb Index, $1.25 

Untfonn vfUh "Gtmld's Bxkei Dktkmsn" 



A cofidie practiad voltsme of nearly 600 
pages, oootainlng a vait amount of Inior- 
mation on all medical iubjcds, tnchtding 
Dlagnoib and Treatment of Dbcaae, 
wtth Formulas and Prescriptions, Emer- 
gencies, Poisons, Drugs and Their Uses, 
Nuning, Surgical Procedures, Dose List 
in both EngUsh amd Metric Systems, etc* 

By Drs> Gould and Pyle 

Based upon their large ^Cyclopedia of 
Medicine and Surgery.'' jl jl jl 



*ii* This is a new book which will prove of the greatest 
value to students. It is to the broad field of general medi- 
cal information what "Gould's Pocket Dictionary" is to 
the more special one of definition and pronunciation of 
words. The articles are concise but thorough, and arranged 
in shape for quick reference. In no other book can be 
found so much exact detailed knowledge so conveniently 
classified, so evenly distribated, so methodically grouped. 
It is Afultum in Parvo* Sample Fagea Free. 



A NEW EOmON 



Crocker on the Skin 



The Diseases of the Skin. Their Description, Pathology, 
Diagnosis, and Treatment, with Special Reference to the 
Skin Eruptions of Children. By H. Radcliffe Crcx:ker, 
M.D., Physician to the Department of Skin Diseases, Uni- 
Tereity College Hospital, London. With new Illustrations. 

Third Edition, Re%vrittcn and Enlarged 

OCTAVO. JUST RBADYf CLOTH, $5.00 

*«* This new edition will easily hold the high position 
giren the previous printings. The author is a member of 
American, English, French, German, and Italian Dermaio* 
logical Societies, and a recognised authority the world over. 



STURGIS-MANUAL OF 
VENEREAL DISEASES 



By F. R. Sturgis, m.d., Sometime Clinical Professor of 
Venereal Diseases in the Medical Department of the Uni- 
versity of the City of New York. Seventh Edition, Revised 
and in Part Rewritten by the Author and Follen Cabot, 
M.D., Instructor in Genito- Urinary and Venereal Diseases 
in the Cornell University Medical College. i2mo. 216 
pages. Cloth, I1.25 

*^* This manual was originally written for students' 
use, and is as concise and as practical as possible. It pre- 
sents a careful, condensed description of the commoner 
forms of venereal diseases which occur in the practice of 
the general physician, together with the most approved 
remedies. 

ao 



FOR THE DISSECTING ROOM 

Holden*s Anatomy — Seventh Edition 
320 lUastrations 

A Manual of the Dissectioos of the Human Body. By John 
Langton, f. r. c. s. Carefully Revised by A. Hewson, m. d. , 
Demonstrator of Anatomy, Jefferson Medical College, Phila- 
delphia, etc. 320 Illustrations. Two small compact vol- 
umes. i2mo. 

Vol. I. Scalp, Face, Orbit, Neck, Throat, Thorax, Upper 
Extremity. 435 pages.. 153 Illustrations. 

Oil Cloth, |i. 50 

Vol. II. Abdomen, Perineum, Lower Extremity, Brain, 
Eye, Ear, Mammary Gland, Scrotum, Testes. 
445 P^gcs. 167 Illustrations. 

Oil Cloth, |i. 50 

Kach volume sold separately. 



Hughes aj\d Keith — Dissections 
lUustroLted 

A Manual of Dissections by Alfred W. Hughes, m.b., 
M.R.C.S. (Edin. ), late Professor of Anatomy and Dean of 
Medical Faculty, King^s College, London, etc., and Arthur 
Keith, m.d.. Joint Lecturer on Anatomy, London Hospital 
Medical College, etc. In three parts. With 527 Colored 
and other Illustrations. 

I. Upper and Lower Extremity. 38 Plates, 116 other 
Illustrations. Cloth, $3.00 

II. Abdomen. Thorax. 4 Plates, 149 other Illus- 
trations. Cloth, ^3.00 

III. Head, Neck, and Central Nervous System. 16 
Plates, 204 other Illustrations. Cloth, l^3-oo 

Eiuh volume sold separately, 

*^* The student will find it of great advantage to have 
a "Dissector*' to supplement his regular text-book on 
anatomy. These books meet all requirements, and as they 
can be purchased in parts as wanted, the outlay is small. 
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EDGAR'S 



OBSTETRICS 



A NEW TEXT -BOOK 



The Illustrations in Edgar's Ob- 
stetrics surpass in number, in artistic 
beauty, and in practical worth those 
in any book of similar character. They 
are largely from original sources, are 
made to a scale, and have been drawn 
by artists of long experience in this 
class of medical work. 
The Text has been prepared with 
great care. The author's extensive ex- 
perience in hospital and private prac- 
tice and as a teacher, his cosmopolitan 
knowledge of literature and methods, 
and an excellent judgment based upon 
these particularly fit him to prepare 
what must be a standard work. 

NEARL Y READ Y 




